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ON THE USE OF INTARVIN FAT—GLYCERYL MARGARATE—IN 


DIABETES MELLITUS 


By CHesrer S. Kererer, M.D., A. Pertzweic, Ph. D. 
and Wa. S. McCann, M. D. 


(From the Chemical Division of the Medical Clinic, 


INTRODUCTION 


The fate of fatty acids during catabolism within the 
human body has been a subject of interesting investiga- 
tion for a number of years. This has been of especial in- 
terest in the diabetic organism, both in man and in the 
experimental animal; for the natural fats ingested by 
human beings are glycerides of fatty acids having an even 
number of carbon atoms and therefore able to form beta- 
oxybutyric acid, aceto-acetic acid and acetone, substances 
which are responsible for diabetic ketosis. 

The study of the fate of fatty acids in the diabetic 
organism, especially their ability to produce ketone sub- 
stances, began with the work of Baer and Blum.' They 
were able to show that the administration of salts of 
butyric acid and isovaleric acid to a diabetic led to an 
increased excretion of ketone bodies, whereas propionic 
and normal valerie acid did not. Later, A. I. Ringer * 
showed that by feeding phlorizinized dogs fatty acids with 
an even number of carbon atoms (butyric, caproic, etc.) 
the ketone substances excreted in the urine were increased, 
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On the other hand, feeding propionic acid or other acids 
with an uneven number of carbon atoms led to no increase 
in ketone substances, but rather an increase in glucose 
formation. The amount of glucose that was produced 
diminished with the size of the fatty acid molecule, and 
Ringer felt that there was reason to believe that it was 
only the three final carbon atoms which contributed to the 
glucose formation. 

Ringer * stated at this time that the higher fatty acids, 
that is, the acids with fifteen or seventeen carbon atoms, 
might be of value in the treatment of diabetes mellitus, 
since they could not give rise to acids with an even 
number of carbon atoms. He also showed that, in every 
case in which glucogenesis took place, there was a coinci- 
dent decrease in the amount of ketones excreted in the 
urine. 

However, the feeding of the higher fatty acids with an 
uneven number of carbon atoms, such as margaric acid, 
to diabetic individuals had never been tried very exten- 
sively on account of the difficulty of procuring such acids 
in sufficient quantities, in a pure enough state, and in a 
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palatable form. Dr. Ringer‘ informs us that he fed the 
glycerol ester of margari¢e acid to diabetic animals and 
also to patients in 1913, when he was working with vari- 
ous fatty acids in experimental animals. He found that 
it was distasteful and that patients became nauseated 
after taking it. He abandoned its use on this account. 

More recently, a fatty acid containing an odd number 
of carbon atoms has been prepared upon a commercial 
basis, so that feeding such a fat to diabetic individuals has 
become easier than it was in the past. This fatty acid 
was prepared by Kahn and Nolan,® and Professor Ralph 
McKee of Columbia University put the process on a manu- 
facturing basis.* 

The amount of intarvin absorbed was determined by 
analysis of the stools in one case. The amounts of sugar, 
acetone bodies, ammonia, organic acids and _ titratable 
acids excreted in the urine were estimated. Each day 
while the patient was under observation the blood sugar 
and carbon dioxide combining power of the plasma were 
also determined. An important part of the study was 
the calculation of the amount of fat oxidized day by day. 
The protein metabolism was determined from the daily 
excretion of nitrogen. The carbohydrate metabolism was 
taken as the difference between carbohydrates ingested 
and the amount of sugar in the urine. If the total heat 
production of the patient is known, one may calculate the 
metabolism of fat by subtracting the heat derived from 
protein and carbohydrate. The difference in energy is 
derived from fat. It is this difference which determines 
the extent of fat metabolism and not the amount of fat in 
the food. If more fat is fed than is required to furnish 
this energy. difference, the excess will probably be stored. 
If less fat is fed, the body fat will be drawn upon. The 
actual energy transformation in the experimental sub- 
jects was estimated from the basal metabolism, since the 
patients were kept at rest in bed. It is quite probable 
that estimates of the amounts of fat actually oxidized are 
correct to within 10-12 grams. 


Meruops or Srupy 
The following procedure was carried out for each of the 
patients who received intarvin as a substitute for the fat 
of their diet. All were placed in the metabolism ward, 
the management of which is essentially that described by 
Gephart and DuBois® for the ward of the Russell 
Sage Institute at Bellevue Hospital. Feces and urine col- 


* The substance is called ‘‘Intarvin Fat.’’ The description of 
it is given as follows: ‘“‘Chemically this fat is essentially gly- 
ceryl margarate C,H,(C,,H,,0,),. The melting point is some- 
what higher than those of ordinary neutra! fats so that in 
order to lower the melting point to body temperature it has 
added to it about 12% of tasteless mineral oil. It is white and 
granulated, odorless and nearly tasteless.” 

Through the kindness of Professor McKee we were able to 
obtain sufficient quantities of intarvin to use in the study of a 
small group of cases. We have not attempted to verify the 
elementary analysis of the fat. 
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lections, diet preparations and calculations were carried 
out in a manner identical with that described by these 
authors. 

All the patients were kept in bed during the period of 
observation. The basal metabolism was determined in 
each instance, so that a basal maintenance diet could be 
given. The metabolism was determined in a closed cir- 
cuit apparatus equipped with a graphic recording device 
as described by Hannon and Lyman.’ 

Nitrogen determinations on urine were made by the 
Kjeldahl method. The total acetone bodies were deter- 
mined by the metheds of Van Slyke and Cullen* and 
reported as beta-hydroxybutyric acid. The organic acid 
excretion was measured by the method of Van Slyke and 
Palmer ® and the titratable acid excretion was measured 
by that of Folin.’ Ammonia excretion was determined 
by the method of Van Slyke and Cullen.'' The urine 
sugar was determined by titration with Benedict's '* cop- 
per reagent. The fats in the stools were determined by 
the method of Saxon '* and reported as total fat and 
fatty acids as stearic acid. Suitable corrections for the 
presence of mineral oil have been made. 


The analyses of blood for sugar and carbon dioxide com- 
bining power were made on specimens collected before 
breakfast. The sugar of the whole blood was determined 
by the method of Folin and Wu.'* For the determination 
of the alkaline reserve of the plasma, Van Slyke and Cul- 
len’s *° method was used. 


All of the calculations of the food stuffs consumed were 
based upon the heat production of the patient, the urinary 
nitrogen and the carbohydrate balance. Since they were 
all kept quietly in bed the daily heat production could be 
estimated (basal metabolism plus 10 per cent). 

Each patient was given a diet containing weighed 
amounts of foodstuffs for a number of days before the 
intarvin was substituted for the fat of the diet. The ace- 
tone bodies, the organic and titratable acidity, and am- 
monia N of the urine, the blood sugar and the carbon 
dioxide combining power of the plasma were determined 
for several days. After this a diet containing the same 
amount of protein and carbohydrate with a minimal 
amount of fat was given and to this diet we added intar- 
vin in such amounts that the fat content would be the 
same as given upon the days of the control periods. No 
insulin was given during the period of observation except 
in one case. 

The intarvin was served hot so that it would be in liquid 
form and could readily be mixed with the other foodstuffs. 
It was served in coffee and broth, fried with foods or mixed 
with salads. It was found that these methods of prepara- 
tion made the fat most palatable. Nearly everyone of the 
patients complained of the bad after taste of the fat and 
one patient could not tolerate the fat as he became 
nauseated and vomited after eating it. Nausea was ex- 
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perienced by several of them. All were unwilling to 
repeat the experiment. 

In one instance the intarvin was substituted for the fat 
of the diet for four consecutive days, but in all the others 
only one day periods were used, as it was quite difficult to 
persuade the patients to eat the fat any longer. 

After the patient had been given intarvin, the diet which 
he had previously received was resumed so that the peri- 
ods could be compared and controlled. 
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Case 1.—The patient was a 32-year-old chauffeur who had 
had diabetes mellitus for two years. He had lost considerable 
weight and strength and entered the hospital on account of his 


inability to remain sugar-free. 


Upon examination he seemed physically sound but showed 
glycosuria, diabetic aciduria and acetonuria. The blood Was- 
sermann was negative. The urinary and blood chemical find- 


ings are to be found in Table I. 


TABLE I.—(Case 1) 


of acetone bodies daily. Upon the resumption of a diet in 
which intarvin was not included the acetone excretion imme- 
diately rose to from. 5 to 8 grams per day. The sugar excre- 
tion did not increase appreciably, the organic acidity, am- 
monia, and titratable acidity excretion decreased during the 
period of administration. The CO, combining power of the 
plasma changed from 41 to 43.8 vols. per cent and the blood 
sugar arose from .226 to .253. 


The fats in the stools were determined before, during, and 
after the intarvin period. The stools were saved quantitatively, 
separation of feces being accomplished by means of carmine 
given with the breakfast of the first day of each period. Com- 
plete excreted collections were made for the purpose of deter- 
mining the amounts of fat absorbed during each period. 


It was found that during the first period—that is two days 
before the administration of intarvin—87% of the total fat 
ingested was absorbed, whereas, during the second period— 
during which intarvin was given—only 84% of the total fat 
ingested was absorbed. However, the fatty acids in the stool 
(determined as stearic acid) were less than in the first period. 
The third period showed 85% absorption. 


If one compares the amount of fat fed with the amount 
metabolized in this case it can be seen that they are practically 
the same (taking into consideration the fact that intarvin is 
85% fat). However, since only about 84% of the glyceryl 
margarate was absorbed, the body did not absorb enough of 
the intarvin fat to cover the maintenance requirement of the 
patient and as a result the body had to call upon the fat of 
the body to make up the deficit of heat. This amount of body 
fat is sufficient to account for the amount of acetone bodies in 
the urine upon these days. 


| 


| ct. 33] 45.66/0.67 | 9.13 20 
II | Oct. 7--Oct. 10 (2450 grams/4.91/120. */0.545/13.35) 6.25 


III] Oct. 11--Oct. 12 |1925 grams/2.90| 55.8 |0.455| 

* This figure represents the total fat in the stools after a deduction had been made 
for the mineral oil ingested in intarvin, 

Case 2.—The patient was a college student, 21 years old, 
who had known that he had had diabetes for eight months. 
The onset of his malady was characterized by polyuria, poly- 
dipsia and polyphagia, loss of weight and strength. He had 
had some difficulty in controlling his glycosuria upon diet 
therapy and for this reason came into the hospital. Upon ex- 
amination it was found that he was slightly underweight and 
quite weak but otherwise normal as far as one could deter- 
mine from physical examination. 

The blood Wassermann was negative. The urinary and 
blood chemical findings together with his course while under 
observation are given in Table III. 


COMMENT 


For this patient intarvin was substituted for the fat of the 
diet one day. Two days prior to its administration he was 
given a diet upon which he excreted from 3.8 to 4.7 gms. of 
acetone bodies. The following day he received the same 
amount of protein and carbohydrate with a minimal amount of 
ordinary fat, e. g. 19.9 gms., and to this we added 135 gms. of 
intarvin. The results were as follows: the acetone bodies 
excreted fell to 0.96 gms., the organic acidity, ammonia and 
titratable acidity of the urine decreased in output and the 
nitrogen excretion was less and the carbohydrate utilization 


was somewhat increased. There was very little variation in the 


" © | | Titra | | BLOOD DIET RECEIVED | FOODSTUFFS METABOLIZED 
= Organic | | NH, | | Cal Cal. 
2 aci table | N N co Intar- FA Req Rec'd 
acidity Sugar P F CH | Av.G. CH Av. G. | Av. FA 
> < vin } | G | 
2940 | 13.7 | 2.62 716 153 | 668 | 4.51 | ... . | 44.2 | 151.8 | 63.8 | 104.6 | | 28.2 164 | 50.1 | 82.8 | 161 1.9 1855 | 1851 
4760 | 27.6 | 5.59 | 1251 209° | 1209 | 7.17 | 49.0 | .250 | 45.3 | 151.4 | 62.8 | 104.2 | 44.8 | 127 35.2 | 73.9 | 135 1.8 1998 
18.9 | 10.77 | 1698 283 | 1567 | 7.86 | <a 45.1 | 179.3 | 35.5 | 79.6 | ... | 49.1 | 170 16.6 | 62.0 | 176 2.8 1990 
5) 4100 | 20.1 10.84 | 1572 311 | 1580 | 7.27 247 | 44.9 | 179.4 | 35.8 | 79.4 | | 45.9 | 172 15.4 | 58.9 176 0 2004 
614560 | 228 | 9.70 | 1562 365 | 1700 | 8.97 44.5 | 180.2 | 35.5 | 79.3 | ... | 45.4 172 15.4 | 58.9 | 176 | 3.0 . | 2008 
7 | 4000 | 19.2 | 3.93 | 1357 304 | 1592 | 7.71 | 41.0 226 | 45.1 | 9.8 | 35.5 | 82.9 | 200 | 48.2 170 | 16.6 | 61.5 175 | 2.8 . | 2049 
m1) 5380 | 22.0 | 4.07 | 1368 235 =| 1315 | 7.03 | 45.0 | 23.3 | 35.8 | 83.2] 190 | 561 | 168 | 13.8 | 62.3 | 167 Ke .. | 2049 
| 5000 | 28.5 | 3.47 | 1384 300 | 1446 | 7.68 45.6 | 15.3 | 35.5 | 82.5 | 194 | 43.9 | 170 13.0 | 55.9 173 | 3.1 .. | 2029 
To) 3900 | 23.0 | 2.0% | 1068 312 | 1380 | 7.52 | .. . | 45.0 | 21.9 | 34.3 | 83.1 | 190 | 48.0] 172 11.3 | 56.1 | 177 3.1 .. | 2007 
Ti | 4000 | 30.8 | 5.09 | 1260 400 1490 | 7.71 | 43.8 253 | 45.3 | 179.9 | 36.2 | 80.2 | . | 47.0 | 170 | 54] 574 | 174 3.0 .. | 2005 
2) 4800 | 29.8 | 8.97 | 1762 442° | 1726 | 8.48 44.0 | 180.9 | 36.0 | 79.5 | 48.2 172 | 56.2] 51.3 |] 177 3.4 . | 1843 
COMMENT TABLE II. 
Fats in stools—(Case 1) 
This patient was given intarvin with his diet for four days. : = 
For three days prior to its administration he excreted approxi- | ‘Total fat | a, 
mately 10 gms. of acetone bodies per day, whereas on the days a itis ih ead — -| oe 
on which he received intarvin he excreted from 2 to 4 grams ea Gains | anal 
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TABLE IIl.—(Case 2) 
© + | DIRT | FOODSTUFFS METABOLIZED 
Dat 3 Sugar NH N 
acid acid CO, Sugar | F CH | Av.c, | Intar F CH Av.G. | Av.FA 
) 1512) 214.0) 10.75 | 53.0 | .167 | 45.2 | 167.4 | 32.4 | 75.3 66.9 | 152.5 | 21.2 | 75.2 | 167.0 | 2.2 | 1874 
554 | 260.8 | 10.18 | 45.4 | 168.5 | 32.6 | 75.6 | 63.6 | 159.7 | 13.2 | 66.0 | 173 2.6 | 1886 
12/1 3280 | 10.17| 4.76 | 1026 | 1283] 275.6| 9.74]... | 45.8 | 135.1 | 25.9 | 65.9 60.8 | 132.9 | 25.7 | 64.25] 147 2.3 | 1550 
i272 |2700| 8.91] 3.87 | 927 | 1183] 313.8| 9.42] 57.8)| .147 | 45.9 | 135.6 | 25.6 | 65.2 58.8 | 133.3 | 16.7 | 65.1 | 147 | 2.2)| 1548 
1273 | ».95'] 0.96 789 | 1044] 104.7| 8.25 De 14.9 19.9 | 26.1 | 65.8 | 185 | 51.6 | 135.9 | 20.2 | 67.6 | 144.2 | 2.1, | 1558 
i274 | LOL | 778 | 1134) 174.0) 9.21] 59.2), 157 | 45.7 | 136.6 17.2 [57.7]. 57.6 | 136.2 | 11.3 | 58.3 | 139.1 | 2.4 | 1518 
1275 | 1.41 867 | 980/ 107.9; 8.08]... .. 135.7 | 19.7 | 59.7 50.5 | 159.7 | 13.7 | 58.9 | 167 | 2.8 | 
1276 1.6 2.04 701.5) 975) 147.2! 8.12] nea 44 135.7 | 20.5 | 59.5 50.7 | 137.2 | 15.9 | 59.0 | 146.8 | 2.4 | 1526 
plasma CO, capacity and blood sugar after one day of adminis- weeks before when, without apparent cause, she began to have 
tration of intarvin. They both rose a little, as can be seen polyuria, polyphagia and polydipsia. These symptoms had 
by the table. gradually increased until twelve hours before coming under [f° ~ 
“9 
observation when she had become drowsy and comatose. 
In this case the acetone excretion was diminishing each day a y — 
before intarvin was given. However, it is evident that the ad- Upon examination she presented the typical features ot 
ministration of intarvin was associated with a decrease of diabetic coma with Kussmaul breathing, soft eyeballs, dry 
acetone excretion but was followed by an increase of acetone tongue and flushed facies, a low blood pressure, tachycardia 
excretion when a diet was resumed which did not contain and a subnormal temperature. 
intarvin. The patient recovered from her coma and eight days later 
Case 3.—The patient was a 22-year-old nursemaid who was intarvin was given. The course can be followed from the 
brought into the clinic in coma. She had been well until three table. 
TABLE IV.—(Case 
Py e BLOOD DIET RECEIVED FOODSTUFFS METABOLIZED 
2 3 CO, Sugar | N.P.N. CH G P F CH FA | 
12/31/1650 38) 6.5) 1.3 74.9 | 996.5/2108.0] 8.68/49.4 |.242 7h 95.8 54.2 | 82.0 68.5 |108.1 | 98.7 0.91/1290/2051/454 
1/1 |2040] 2.5 | | 722.0 6.51/41.9 |.435 95.8 40.6 |110.3 24.0 | 58.6 |118.0 2.03]... .|1743].... 
1/2 [2700] 2.5 | 67.5\31.7 | 334 [3650.0/2373.0) 9.79] 18.2 |.503 137 176.3 61.1 | 81.6 69.5 113.1 |101.5 1 
1/3/1480) 1.7 | 27.2) 3.6 | AlkK. |1822.0/3578.0|12.12/46.9 ]-121 88.3 75.5 | 93.4 27.8 | 80.9 (118.8 1.67]... .|1415]....1 
1/4 [1570] 2.3 | 37.3) 1.08] 56.7 | 752.0/1758 9.54]. 55 88.3 59.6 |104.9 17.6 | 62.7 [121.8 1.94]... .]1578}.. 
175 (2220) 2.17] 48.2) 4.62] 266.4 (1452.0/2501 [12.82] .. 55 88.3 (80.1 1100.5 6.8 | 63.4 1127.3 
1/6 |2900) 4.17/110.9/20.44) 162.4 |3082.0/3647 |.284 55.2 | 88.3 : 87.3 1129.5 -55.9 
1/7 |3440| 2.9 |101.1)34.23; 392.0 |3684.0/3602 [11.37/43.4 |.284 55.4 90.8 132 171.0 [127.2 -45.7 | 8.2 |147.2 
[2840] 2.0 | 56.8/32.25) 305.7 |3785.0/3223.0| 8.35]43.0 |.282 54.8 | 86.7 1140.3 -2.0 | 40.3 [129.5 }1555| 
1/9 11910) .7 14.9} 11.80 53.5 |1447.0/2229.0| 5.13/40.2 |.288 55.8 88.1 32.1 1106.6 41.0 70.3 1110.7 1.5 
1/10) 1540 8] 13.0/10.02) 135.5 [1509.0/1398.0) 4.98]52.2 7.270 54.8 | $8.3 31.1 1106.0 42.7 | 71.3 (110.1 1.5 
glyceryl margarate absorbed. If it was absorbed and oxidized 


COMMENT 


In this case, the patient evidently had a very severe form of 
diabetes. On the seventh day after her recovery from coma 
(January 6th) she was given only 20 units of insulin and the 
acetone excretion increased from 4.6 gms. to 20.4 gms., the diet 
being unchanged. On January 7th she was given intarvin 
instead of the ordinary fat of the diet and the insulin was dis- 
continued on this day. The acetone excretion, organic acidity 
and titratable acidity increased, while the ammonia excre- 
tion slightly decreased. The CO, combining power of the 
plasma and the blood sugar remained the same. The sugar 
excretion was somewhat diminished. On January 8th the usual 
diet was resumed with 20 units of insulin, the same amount 
that had been given the day before the administration of in- 
tarvin and the acetone body excretion was somewhat reduced. 
However, it may be seen from the chart that when the insulin 
was increased the acetone body excretion decreased quite rapid- 
There are no data in this case relative to the amount of 


ly. 


to the extent of even 50 per cent of the amount given it must 
have given rise to acetone bodies, as the amount of ordinary 
fats oxidized under those circumstances would have been in- 
sufficient to account for the amount of acetone bodies in the 
urine. If one assumes that only 25 per cent of the glyceryl 
margarate were oxidized, then the metabolism of ordinary fats 
would have been sufficient to account for the acetone forma- 
tion. 

Case 4.—The patient was a 56-year-old man who had had 
diabetes mellitus for four years. Since the onset he had had 
difficulty in keeping sugar-free and recently had had several 
attacks of furunculosis and pains in the legs. 


Upon examination he showed undernutrition, a dry skin, ' 
marked pyorrhoea, moderate arteriosclerosis and an absence 
of the deep reflexes of the lower extremities. The blood Was- 
sermann was negative. The other laboratory findings are 
recorded upon the table. 


; 
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TABLE V.—(Case 4) 
2 Tit | BLOOD DIET RECEIVED FOODSTUFFS METABOLIZED 
= | table 4 | | | F ~al. 
acid | scidity N CO, Sugar | P F on | P F CH | Av. Rec'd 
23.80 | 2713.0 | 746.0 | 2933 | ¥.92 | 47.1 | 242 | 50.9 | 155.9 | 64.6 | 109.7 | 62 116.2 -9.2 | 38.4 | 131 | 3.4 | 1923 | 
22.8 | 2510.0 | 653.0 | 2678 9.36 49.5 | 130.3) 309 72.7 | 58.5 | 122.7 | -184 | 27.8 | 134 | 4.8 | 1641 ].... 
19.1 | 2063 526.0 | 2238 | 8.01 | 50.3 | 129.5 | 30.6 73.0 | 50.06) 117 -0.9 | 40.7 | 127 ee Jer 
20.4 2257 «456 2557 (9.39 | 50.8 | 130.5 | 30.5 | 72.3 | 58.6 | 114 -1.5 | 43.5 | 128 | 29] 1547 ].... 
19.18 2390 451 2390 | 7.79 = : | 50 130.3 30.3 | 72.6 48.6 117 3.0 42.8 126 2.9 | 1541 |. 
13.6 1890 | 376 | 2226 | 8.19 | 48.3)| 2427) 49.6 ] 24.1 | 30.8 | 106)] 73.4 51.1 | 123.2 | 282] 133 4.7 1539 | .... 
12.5 | 1750 396.7 | 2073 | 7.62 | 49.1 | .240'] 51.0 | 130.1 | 30.8 72.5 ) 47.5 | 119.5 “1.7 | 37.4 ] 127.1 | 34] 1545 | | 
17.0 1992 475.0 | 1853.0 | 7.49]... | | 49.9 | 129.4 | 30.6 72.6 | 46.8 | 116.4 6.1 | 44.5 | 1263 | 28] 1533]... 
6.7 1248 | 466.0 | 1488 | G81 | 53.7 | 229] 49.5 | 129.6 | 310 | 72.9 | 42.5 | 117.0 9.0 | 45.3 | 124.8 | 2.7 | 1683 ].... 
11.13 | 1402 | 3560 | 1528 | 7.48 | 49.4 | 129.1 | 31.3 71.0 | 46.7 | 115.5 8.3 | 46.9 | 125.4 | 26 | 1531 
10.92 | 1485 | 351.0 | 11820 60.1 | 129.3] 290)... 71 28.7 | 124.2 | ST... 
12.57)| 1712 332.7 | 2071.0 | 7.66 .. | 50.3 | 130.4 | 30.9] .. 71.0 | 47.8 | 117.1 3.6 | 43.8 | 1274 | 2.9 | 1545 [44.67 
1067 | 313.6 | 1412.0] 7.48 | 54.2 214 | 50.3 | 23 29.9 [107.1] 71.0 | 46.7 | 1157 7.7 | 46.3 | 125.6 | 2.7 | 1541 | 
5.93) 1102 288.0 | 1777.0 | 7.22 | 55.4 | .204 | 50.1 | 130.6 | 30.7 72.8 | 45.1 | 116.2 8.2 | 45.9 | 126.2] 2.7 | 1645]... 
COMMENT ing amounts up to 100 grams daily resulted in no diminu- 


In this case intarvin was substituted for the fat of the diet, 
as in the other cases, upon two different days. Each day was 
preceded and followed by a similar diet except that the intarvin 
was not used. The first day 17.5 gms. of sugar were excreted 
in excess of that on the previous day, and on January 21st 
less acetone bodies, less organic accids, less ammonia were 
excreted and the titratable acidity was less than on January 
20th. The blood sugar and CO, combining power of the blood 
remained the same. The second day of intarvin administra- 
tion, January 28th, showed the same general result with the 
exception that less and not more sugar was excreted. It would 
seem that in this patient the acetone excretion was reduced 
each time but upon one day the sugar excretion was increased. 

Kahn '* states that 90% of the intarvin fed is absorbed 
from the gastro-intestinal tract and catabolized without 
the production of ketosis. He has used it in the treatment 
of diabetics and has given it to normal fasting individ- 
uals who had ketone bodies in their urine. The feeding 
of intarvin in both diabetic individuals and in normal in- 
dividuals with a starvation ketosis has resulted in the 
prompt disappearance of ketone bodies from the urine. 
In the patients studied by Kahn there was no evidence of 
excess sugar formation from the metabolism of intarvin 
fat. Kahn"? has also stated that if intarvin is fed to 
phlorizinized dogs extra glucose is excreted and he in- 
terprets this observation as a confirmation of Ringer’s 
work, showing that when a fatty acid of uneven carbon 
atoms, e. g. propionic acid, is fed to a phlorizinized dog, 
it is excreted as extra sugar. He says further that this 
does not occur in pancreatectomized dogs or in diabetic 
individuals. 

Sevringhaus '* has reported that normal individuals ab- 
sorbed 96.5 to 96.8 per cent of the glyceryl margarate in- 
gested when it is given with diets low in fat. He noted a 
slight increase in the neutral fat of the stools when mar- 
garate was fed and felt that “intarvin” was utilized as 
well as glyceryl] margarate. When he fed a diet low in 
protein and almost free from carbohydrate and fat to 
healthy individuals and thereby produced ketonuria, he 
found that the addition of glyceryl margarate in increas- 


tion in the ketonuria. He concluded that glyceryl mar- 
garate has little or no anti-ketogenic value aside from its 
glycerol content, but that it does exert a protein-sparing 
action in the diet which he used. 

Benedict and West '® have been unable to demonstrate 
that extra sugar was formed when phlorizinized dogs were 
fed intarvin. There was no rise of acetone bodies or 
organic acids in the urine during the period of observa- 
tion, although the intarvin had disappeared from the in- 
testines. However, there was no rise in acetone formation 
after the ingestion of butter, so that definite conclusions 
could not be drawn regarding any ketogenic properties of 
intarvin. They suggested the possibility that if larger 
amounts of intarvin were fed and urinary studies were 
continued for forty-eight hours after feedings, extra sugar 
might appear in the urine. 

In the patients studied in this series there was a very 
definite diminution in the amount of acetone bodies ex- 
creted in the urine during the day on which the intarvin 
was fed, with the exception of one patient in whom there 
was a rise of acetone body excretion (Case 3). This dimi- 
nution was followed in two cases by a slight rise of ace- 
tone body excretion when the natural fats of the diet were 
resumed. In two cases this decreased acetone body excre- 
tion continued even after the resumption of the diet con- 
taining ordinary fats. 

In previous studies from this clinic,*”® it was shown that, 
at the threshold of ketonuria, ketogenic and antiketogenic 
materials were being oxidized in an equi-molecular ratio, 
confirming the views of antiketogenesis developed by 
Woodyatt *'**** and by Shaffer .***°***""5 With the equi- 
molecular ratio the FA/G ratio is 15. If one consults 
the tabulated data in Cases 1 and 4 it will be noted that 
marked decrease in acetonuria occurred in spite of the 
maintenance of a high FA/G ratio. In Case 2 there was 


a simultaneous decrease in acetonuria and in the keto- 
genic: antiketogenic ratio, while in Case 3 a simultaneous 
In view of these results it is 


increase in both occurred. 


¢ 
ie 
Cal, 
Reg, = 
16 
1556 18 | - 
19 | 2 
20 - 
21 
| 2 
25 | 2 
ive 
lad 
| 2 
ler 
24 
ot 
iry 
lia 
er 
he i 
24 | 
454 
eee 
é 
i 


270 


probabie, but not certain, that intarvin gives rise to less 
ketosis than does an equivalent amount of ordinary fat. 
Tie points of uncertainty concern, first of all, the evidence 
that intarvin contains a fatty acid with an uneven number 
of carbon atoms, and secondly, the extent to which it is 
utilized after absorption. 

In two cases the sugar excretion increased slightly dur- 
ing the intarvin period. In one of these cases, where the 
intarvin was given upon two different days (Case 4), the 
sugar excretion increased one day and decreased the 
other. In Cases 1 and 2 there was a diminution of sugar 
excretion on the day intarvin was given, but here again it 
is difficult to draw conclusions on account of the marked 
changes in sugar excretion which occur from day to day 
when a diabetic is given a fixed diet. Whether or not in- 
tarvin can serve as a source of glucose in excess of that 
which might be obtained from the glycerol is still a point 
for investigation. In diabetic subjects it might well de- 
pend upon the individual’s ability to burn carbohydrate 
at the time of administration of the intarvin, since in this 
respect there is a great variation from day to day. 

Since fats of an even number of carbon atoms cannot 
be completely burned to CO, and H,O within the body 
without the utilization of glucose, it would be of interest 
to know whether or not fats with an uneven number of 
carbon atoms can be completely burned in the human 
body, in the absence of the proportional glucose utiliza- 
tion. To be sure, these fats would not vield acids such as 
beta-oxybutyric, or aceto-acetic acid, but it is possible 
that other organic acids might be formed but not burned, 
owing to the fact that there is deficient carbohydrate util- 
ization. The production of organic acids such as those 
derived from the higher fatty acids having an uneven 
number of atoms, together with the inability of the body 
to burn these organic acids completely might bring about 
an acidosis if the production was great enough. The- 
oretically, such a conception may be correct. 

In the patients studied in this series there was no de- 
crease in the CO, combining power of the plasma after 
the administration of intarvin, and there was a decrease 
in the amount of organic acids excreted in three of the 
four cases. In one case there was an increase in the or- 
ganic acid excretion but there was also an increase in 
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CONCLUSIONS 


1. The data given tend to support the view that in- 
tarvin fat is less ketogenic than ordinary fat. The evi- 
dence regarding this interesting academic question is, 
however, not entirely conclusive. 

2. From a practical standpoint the use of intarvin fat 
in diabetes has not been found to be of any great value 
because of the fact that it is intensely disagreeable to 
patients to whom it is given as the chief source of fat. 
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CONGENITAL ARTERIOVENOUS FISTULA* 
AN EMBRYOLOGICAL STUDY, WITH THE REPORT OF A CASE 


By WILLIAM RIENHOFF, JR. 


In 1757 William Hunter! described, for the first time, 
the clinical syndrome of arteriovenous fistula, and stated 
that the condition always developed as a result of trauma 
usually a transfixion, by a cutting instrument, of an 
artery and a‘yein lying close together, the apertures of 
these vessels subsequently becoming fused together and 
permitting a mutual flow of blood between them. Later, 
in 1835, W. H. Porter * and others described cases in which 
there had been established an arteriovenous fistula by 
erosion of the accompanying vein, due to a pathological 
process involving the artery. The former was called an 
acquired arteriovenous fistula, and the latter a sponta- 
neous arteriovenous fistula. It was not until 1867, how- 
ever, that Sir Prescott Hewitt * reported the first case of 
a probable congenital arteriovenous fistula existing be- 
tween the right common iliac vessels. The following is a 
brief abstract of Hewitt’s case: 

Case I.—Sarah R., aged 17 years, was admitted into St. 
George’s Hospital, February 7th, 1865. The mother stated that, 
when the child was born, her right thigh was noticed to be 
altogether larger than the left, and the veins of this extremity 
were enlarged. The girl herself stated that as long as she 
could remember there had been a peculiar “beating” in the leg. 
At first the swelling was confined to the thigh but it soon ex- 
tended into the leg and finally to the foot. It caused her little 
inconvenience unless she walked some distance or stood for a 
long time, and then the veins became much larger. Latterly, 
however, some of the veins near the ankle had given way and 
had bled profusely several times, and it was for this that the 
patient sought admission into the hospital. Her mother also 
stated that the patient had always been a delicate child, and as 
an infant had suffered from hydrocephalus. 

Eramination——On admission, the right lower extremity was 
found to be much enlarged, being not only increased in circum- 
ference but at least two inches longer than the left. The super- 
ficial veins were much dilated and stood out in the form of 
large convoluted and tortuous cords under the skin. They were 
quite soft and could be easily emptied of their contents. There 
was no pulsation in them. The femoral vein could also be felt 
to be much enlarged, and in it could be perceived a distinct 
vibratory thrill which could be traced up to the junction of the 
two iliac veins, but no thrill could be felt in this latter vein. A 
very loud continuous blowing sound could be traced up the vein 
to the same spot. The patient seemed a weak anaemic girl 
with an overhanging forehead. There was a loud systolic mur- 
mur at the apex of the heart. On the lower part of the outer 
side of the leg there was a large scab from which point the bleed- 
ipg came. 

Operation—A few days after admission hare-lip pins were 
placed under all the veins which could be seen running in the 
direction of the point of haemorrhage, and the vessels were 
then compressed by a twisted suture placed over the needles. 
The needles were allowed to remain in twenty-eight days. They 
caused very little irritation but gradually produced consolida- 


*Read before the Johns Hopkins Medical Society, February 
4th, 1924. 


tion in the veins. The patient was subsequently discharged in 
very much the same state as when admitted, the thrill and bruit 
remaining just the same. 

The symptoms in this case render it probable that a communi- 
cation existed somewhere between the arterial and venous cir- 
culation, while the fact that the thrill and bruit terminated 
abruptly at a spot where the common iliac artery (on the right 
side) lies upon and crosses the common iliac vein, appears to 
point to this spot as the place of communication. That the 
opening was congenital seems also probable, as the enlargement 
of the thigh and the dilated state of the veins were noticed at 
birth, and there was no probability of disease having thinned 
the coats of, or of an accident to, such deep structures. More- 
over, the fact that the patient suffered from hydrocephalus proves 
that there was an abnormal state of the system which may and 
probably would have retarded development. 


The interesting features of this case are the duration 
for seventeen years, the combination of two congenital 
anomalies—the presence of hydrocephalus and the de- 
fective vascular condition, the proximal dilatation of the 
artery, with proximal as well as distal dilatation of the 
veins of the right thigh and leg, the increased length and 
girth of the affected limb, probably due to increased blood 
supply of the right femur before union of the epiphyses, 
and the absence of cardiac changes. Unfortunately, the 
definitive proof of the existence of the fistula is lacking 
because the vessels involved were not exposed. 

In the same year, 1867, Gherini,* of Milan, reported a 
case supposedly of congenital arteriovenous varix of the 
palmar and dorsal arch of the hand. The report of the 
case is as follows: 

Case II.—Girl, 9% years old. When she was fifteen months 
old the left hand was warmer and larger than the right. At 
the age of two years there was a tumor on the dorsum and 
palm of the left hand with great dilatation of the veins of the 
hand and forearm. This tumor was treated by compression. 
At seven years the temperature of the left hand was well elevat- 
ed. There was a tumor as large as a two-franc piece on the 
dorsum and a smaller tumor on the palm. Both disappeared 
with direct pressure on the tumors, or on the radial and ulnar, 
or brachial arteries, to reappear when the pressure was re- 
moved. Pulsation was definite to the eye and a bruit was heard 
on auscultation. The veins of the hand and forearm were very 
much dilated. The brachial artery was enlarged and tortuous. 
The child felt well. 

By exclusion, Gherini decided that the condition was not an 
angiectasis, nor a varicose aneurysm, nor an aneurysm by an- 
astomosis, nor an aneurysmal varix; but as the symptoms more 
nearly approach those of the last-named, he determined to call 
this anomaly a congenital aneurysmal variz. 

He decided to ligate successively the radial and ulnar arteries. 
Ligature of the radial artery was done March 9, 1865; following 
this, the ulnar artery was ligated October 26, of the same year. 
Each operation was beneficial in diminishing the symptoms but 
they still persisted. On May 30, 1867, the condition had not 
progressed, the child was well, healthy, and the parents were 
satisfied. The venous system continued to be as dilated as 
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formerly. Two small arteries were observed, one on the dorsum, 
the other on the palm, which had enlarged since the operations. 
Here, as in the above case of Hewitt, the vessels were 
not exposed and again, unfortunately, we cannot be cer- 
tain of the exact nature of the pulsating tumor. Neither 
of these patients was cured. Von Eliselsberg,’ in 1899, 
operated upon a patient for an aneurysmal varix between 
the popliteal artery and vein. 
shoemaker’s assistant, with 


Case III.—Twenty-year-old girl, 
aneurysmal varix of the popliteal vein. When four years old, 
the child’s right leg was found to be larger than the left. Later, 
cramps and spasms appeared in the right lower thigh. When 


twelve, ulcers developed without cause over the malleoli of the 
right leg; these were apparently incurable. There were fre- 
quent attacks of severe pain which were associated with redness 
and swelling of the extremity and disappeared under compresses. 
The large toe became discolored, with blistering and loss of the 
nail. Because of the increasing pain and symptoms, the patient 
was admitted. 

The internal or- 
varicosities of the 


Examination.—Underdeveloped individual. 
gans were normal. There were marked 
upper and especially the lower right leg, some of which, 
in the neighborhood of the knee, distinctly pulsated. In the 
lower third of the leg there were redness, swelling and pain; on 
the outer side, over the malleolus, there was a chronic ulcer. 
The large toe was black. 

Operation, June 14, 1899.—A typical ligature was placed on 
the femoral artery at Poupart’s ligament. The artery at that 
point was dilated and the wall thin. The saphena was ligated 
at its junction with the femoral. 

There was severe bleeding from the edges of the wound. June 
15th, severe pain was present; temperature 39° C; no reaction. 
June 17th, temperature continued high with severe pains; the 
foot was discolored, cold and gangrenous. There was anaesthe- 
sia in the leg and foot. June 19th, amputation was performed 
at the upper third of thigh. Recovery was complete. 

The specimen contained a large aneurysmal varix issuing 
from the popliteal vein, but with only a small communication 
with the artery, which itself was not dilated. The small 
saphenous was thickened and tortuous. Pulsations had been 
observed at this point. 

The interesting features are the duration for twenty 
years, the size of the right leg which was larger than the 
left (probably owing to the increased blood suppiy to the 
femur and tibia on the right), and the absence of cardiac 
changes. This is the first case of congenital arteriovenous 
fistula which was proven by exposure of the vessels, but 
as the part involved had been amputated, the “cure” can- 
not be held to be complete. 

Dr. William S. Halsted,® in 1918, discussed arterio- 
venous fistula before the American Surgical Association 
and presented a case of congenital arteriovenous fistula 
of the neck. He made a very careful analysis of all the 
reported cases in the literature up to that date, and these 
data were later published by Callander’ in 1920. To 
quote Dr. Halsted directly: “Congenital arteriovenous 
fistula without naevus is very rare and occurred only 
twice in 447 cases, while with naevus the condition was 
noted in six cases only.” The two cases referred to by Dr. 
Halsted were those of Hewitt and von Ejiselsberg men- 


tioned above. Dr. Halsted’s case was the following: 
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Caské IV.—E. S., 18 years old, was admitted to the hospital in 
1911. When the patient was three days old the mother noticed a 
swelling and throbbing in the child’s neck. There were right. 
sided headaches, earaches and toothaches of from two to three 
days’ duration, and frequent epistaxis. The throbbing in the 
neck increased gradually. 

Physical examination.—There was a pulsating tumor beneath 
the lobe of the ear on the right side of the neck. The ear pulsat- 
ed synchronously with the cardiac systole. There was no dila- 
tation of the superficial facial veins. An aneurysmal sac was 
felt behind the ascending ramus of the jaw. There was a con- 
tinuous thrill and bruit, both of which were abolished by pres- 
sure over the sac, and also by pressure over the earotid. The 
internal jugular was dilated. 

Operation.—The external jugular vein was enormous and was 
There was an H-shaped plexus of dilated, pulsating 
veins, and proximal dilatation of the common and external 
carotid arteries beneath the mass of veins. The internal carotid 
artery was very small. One communication existed between 
the external carotid artery and sinus-like veins; these were dis- 
sected free and excised. The external carotid artery was ligated 
proximally, and the pulsation and thrill ceased. The first 
dressing was six days later; the thrill had returned, as well as 
the bruit, and the pulsation was visible. 

The patient was admitted again in 1918. The throbbing and 
swelling of the right face had been worse since the operation. 
The veins of the face were dilated. 

Examination.—The patient was cyanotic and the veins of the 
face were dilated. There was a tumor at the angle of the jaw, 
the size of a large hen’s egg, marked pulsation, continuous 
thrill and bruit, transmitted distaily over the face. There was 
a marked increase in the force of the pulsation. Pressure over 
the tumor caused cessation of the bruit and distension of the 
veins of the face. The heart was normal. The aneurysm had 
moved up to the region of the right parotid (it had probably 
opened up new channels). 

Operation.—Ligation of temporal vein. Double ligation of so- 
called aberrant artery and large medial vein caused obliteration 
of fistula, thrill and bruit. The ligation was really proximal. 


When the patient was discharged the thrill and bruit 
were present in the segment of the vein which had not 
been removed. There was definite arteriovenous circula- 
tion at this point. The cyanosis and engorgement had dis- 
appeared. 

When the patient was seen in 1920 the pulsation of the 
right carotid was greater than that of the left; there was 
cyanosis of the right side of the face, and a pulsating 
tumor below the lobe of the right ear. The lid of the 
right eye was puffy, angiomatous, and ‘Jue. The thrill 
and bruit had increased since the ; <ient’s discharge. 
The carotid on the right was also more dilated. 

In 1922, the point of the fistula had increased in size. 
The angiomatous condition of the face, as well as the 
thrill and bruit, had increased. The proximal dilatation 
of the common carotid artery was much greater. The 
tortuosity of the vessels extended further and only pres- 
sure over both carotids forced the bruit to disappear, 
showing that the supply from the left side was equal to 
that of the right side. 7'he heart was normal. 

Comment.—The operator thought he might be dealing 
with a pulsating naevus instead of a single arteriovenous 
fistula, although the point of maximum bruit and thrill 


excised. 
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was very definite and seemed to be over a very large com- 
munication between the arterial and venous systems. 

Subsequent observations made upon this case demon- 
strated that the disturbed vascular mechanism was still 
present and that the condition was becoming progressively 
more extensive, the entire face now showing an angioma- 
tous condition. Although this patient has not been cured, 
we believe the case to be definitely one of congenital 
arteriovenous fistula in which there were multiple fistu- 
lous communications between the external carotid artery, 
ascending pharyngeal artery and large anomalous sinus- 
like veins. One might conclude, from the subsequent 
course of the disease, that fistulous communications exist- 
ed between these venous channels and some of the higher 
branches of the external carotid artery, such as the ex- 
ternal maxillary artery and others. It is interesting to 
note that the anastomosis was of the “end-to-end” type 
between the arteries and the veins. Although very care- 
ful studies were made, no disturbance of the heart could 
be determined ; otherwise, all features common to arterio- 
venous fistula were present. 

In the Johns Hopkins Hospital there have been two 
cases of congenital arteriovenous fistula which have not 
been reported. 

Cast V.—The first case (Surg. No. 46583) was that of a young 
adult, 18 years old. About five years before admission he noticed 
a puffing noise in the region of his right shoulder and neck. 
Six months later, after strenuous exercise, he noticed a soft, 
pulsating mass, about the size of the little finger, in the right 
supra-clavicular fossa. This steadily increased in size. 

Examination revealed a large mass involving the right 
side of the neck and supra-clavicular region. Dilated vessels 
in and beneath the skin gave the appearance of earth worms. 
The larger veins pulsated markedly. Over this mass there was 
a continuous thrill and bruit. The external jugular vein was 
greatly dilated. Electrocardiogram and_ teleoroentgenogram 
were normal. The examination was otherwise negative. 

Operations.—February 25, 1919. Excision of anterior half of 
large aneurysmal mass of veins and ligation and division of a 
large artery, probably transversus colli, which ran directly 
into one of the distended veins. May 28, 1920: Excision of 
internal and external jugular veins and ligation of subclavian 
vein proximally and distally to a large communication between 
this latter vein and the aneurysmal veins. Fistulous communi- 
cation between the subclavian artery and the sinus-like veins 
ligated. The subclavian artery was also ligated distally and 
proximally to the thyroid axis. The fistulous communications 
were about the size of the little finger and seemed to run, end 
to end, directly into the venous trunks. The posterior portion 
of the aneurysm was not excised. There was no pulsation or 
bruit following the operation. The patient was cured. 

This case was undoubtedly one of congenital arterio- 
venous fistula in which there were multiple fistulous com- 
munications, end to end, between the subclavian artery, 
transversus colli artery and the venous lakes. No cardiac 
changes were observed in this case, although the duration 
was at least five vears and probably much longer. The 
fistulous communications were quite large and the com- 
munications between the arterial and venous systems did 
not seem to function in this case until the patient was 
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about 13 years of age, when there was a sudden opening 
up of blood channels which had lain latent, remaining 
closed since birth, and were formed undoubtedly by the 
persistence of vessels or communications of the primary 
vascular anlage in the embryo. From this time on there 
Was a constant and rapid growth of the tumor as in Case 
IV (Dr. Halsted), and it should be noted that in both of 
the cases there occurred the end-to-end type of anastomo- 
sis. In this type the hydrodynamical factors such as the 
direction of the blood flew and the intravascular pressures 
are directly and primarily responsible for the enlargement, 
or apparent growth, of the tumor, the distortion of the 
blood flow being mechanically responsible for the enlarge- 
ment of the aneurysmal tumor rather than any inherent 
tendency of new growth occurring in the vessels them- 
selves, as no evidence of any neoplastic changes could be 
observed in the microscopic sections studied from Cases 
IV, V, or VI. The blood vessels making up these tumors 
were essentially normal in appearance and structure. 

Case VI.—The second case (Surg. No. 54005) was that of a 
woman 35 years old. When five years old the patient fell, 
striking her right knee, after which an unusually large haema- 
toma developed. It was noticed at this time that the right leg 
was larger and longer than the left. The veins were slightly 
dilated. There were severe cramps in the leg and increased 
dilatation of the veins until the patient was twenty-two years 
old. The leg was bluish in color and the patient wore a bandage 
for support. Following an attack of diphtheria she remained 
in bed eight weeks because of pain in the leg. 

When thirty years old, the patient noticed marked throbbing 
and pulsation in the veins. She stayed in bed six months and 
cocaine was necessary for the relief of the pain. An operation 
for varicose veins was performed elsewhere. A large number 
of dilated superficial veins were removed. There was pro- 
nounced haemorrhage which was controlled with difficulty. The 
circulation in the leg was much impaired after the operation. 
The leg did not drain itself at night when elevated. 

Examination.—The right leg was 6.5 cm. longer than the left, 
and the right femoral artery three times larger than the left. 
Blood-pressure of the right leg, 160-12@; of the left leg, 140-65. 
There was a systolic thrill and continuous bruit over the right 
femoral and iliac arteries, and venous engorgement of the right 
leg from the knee to the dorsum of the foot. The girth of the 
right leg was greater than that of the left. The popliteal artery 
on the right side was greatly dilated and tortuous; there was a 
continuous thrill and bruit over it, most marked on the outer 
side anterior to the upper end of the fibula. The posterior 
tibial and dorsalis pedis on the right side were smaller than 
on the left. The bruit was heard all over the leg, but could be 
obliterated where the anterior tibial comes out between the tibia 
and fibula on the right side. With the leg elevated and the 
veins more collapsed, the tibia felt moth-eaten. Measurements 
of the roentgenograms demonstrated that the right femur was 
1.5 cm. longer than the left; the right tibia 5.5 cm. longer than 
the left; the right fibula was 4.5 cm. longer than the left. There 
was a moth-eaten and mottled appearance of the right tibia, 
showing the impression of large veins. The nutrient artery 
Was very much enlarged. There was no cardiac affection. The 
teleoroentgenogram and electrocardiogram were normal. The 
Wassermann reaction was negative. 

Operations.—Two operations were necessary. The popliteal 
vein was enormously dilated and filled with arterial blood. The 
anterior tibial artery was ligated and divided at the interosseous 
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membrane; it was very thin and dilated. The popliteal vein was 
ligated and divided above and below the junction with the 
anterior tibial veins and then excised upwards. All the geni- 
culate branches of the popliteal artery were ligated. The bruit 
was reduced with ligation of the anterior tibial artery. The 
popliteal artery was very thin and much dilated. Ligation of 
the lower lateral geniculate artery caused cessation of the thrill. 

Two days after the operation the bruit returned. Eighty-five 
hours after the operation there was haemorrhage followed by 
gangrene, and the leg was amputated above the knee. The 
anterior tibial artery had ruptured above the ligated stump; 
the ligature had not slipped. The specimen showed that five 
branches of the anterior tibial artery ran into the tibia into a 
sort of reservoir which was drained in turn by five tributaries 
of the vein accompanying the artery. 

The bony changes in this case prove, we believe, that the 
vascular condition existed while the bone was still grow- 
ing, before the epiphyses had united, and therefore was 
probably congenital. The sinusoidal type of circulation 
approximates somewhat the type of embryonic circulation. 
It might well be called an intermediate encysted varicose 
aneurysm. Although of thirty-five years’ duration, with 
large fistulous communications, there was nothing ab- 
normal noted concerning the heart. The other character- 
istie vascular changes of arteriovenous fistula were, how- 
ever, present. This patient was, of course, not cured. 

Since 1920 we have made a careful search of the litera- 
ture and find that the total number of reported cases of 
arteriovenous fistula is well over five hundred. Of this 
number there have been twenty-two cases of congenital 
aneurysmal tumors—twenty reported cases and two cases 
in the Johns Hopkins Hospital which have not been re- 
ported. Of these twenty-two cases, those of von Eisels- 
berg, Halsted and the two from the Johns Hopkins Hospi- 
tal are the only ones concerning which we think we have 
sufficient data to classify them definitely as cases of con- 
genital arteriovenous fiistulae. The other sixteen cases 
reported, i.e. those of Busche,* Mussey,’® Mott,'® Norris," 
Warren,'* Cherry,'* Pemberton,'* Warren,'® Lee,'® Gross,'* 
Despres,'* Eve,’® Domainville,*? Brandau *' and Berry,” 
have appeared in the literature under various titles— 
aneurysms by anastomosis, cirsoid aneurysm, pulsating 
naevi, venous tumor and congenital arteriovenous fistula 
—showing clearly that there seemed to exist a very great 
deal of confusion in the minds of the authors as to the 
exact nature or type of the disturbed vascular mechanism 
existing in the cases. So pronounced has this confusion 
become and so highly inaccurate is the nomenclature ap- 
pertaining to the congenital blood vessel tumors, that our 
greatest authority on diseases of the vascular system, 
Matas ** has been forced to write in Keen’s Surgery that 
“so-called congenital arteriovenous aneurysms described 
by some authors are to be regarded as varieties of cirsoid 
aneurysm in which a communication is established be- 
tween an artery and a vein in the plexus at an advanced 
stage of the disease.” In the great majority of these early 
‘ases the data given are not sufficient to render an ac- 
curate classification possible, because the vessels involved 


were not exposed, but it seems very likely that most of 
these cases were congenital arteriovenous fistulae, while 
others were either purely arterial or venous without any 
communications between the arteries and veins. The 
following are brief abstracts of some of the cases most 
fully reported by the authors mentioned above. 

Case VII.—Reported by George Busche, 1827-28. A case in 
which, after excision of an anastomosing aneurysm from the 
right temple, ligature of the external carotid became necessary 
to restrain haemorrhage. 

There was a pulsating tumor, the size of a pigeon’s egg, on 
the right temple; this had been present from birth. During the 
three months before operation there had been haemorrhages. 
The tumor had become enlarged and had ulcerated. Removal 
of the aneurysm was followed by severe haemorrhage. The 
external carotid artery was ligatured above the tendon of the 
digastric muscle; the ligature came away on the thirteenth day 
and in three weeks both wounds had healed. 

The case was probably one of a congenital tumor made 
up chiefly of arterial vessels. No mention is made of 
proximal dilatation of the arteries or other evidence of an 
arteriovenous anastomosis. 

Case VIII.—Reported by R. D. Mussey, 1829. A case of 
aneurysm by anastomosis in which both the primitive carotid 
arteries were tied. 

Male, 20 years of age. There was a pulsating purple tumor 
on the vertex of the head which was about 5 inches in diameter 
at the base, and elevated about 1% inches above the cranium. 
The tumor had existed from infancy. An ulcer, an inch in 
diameter, which had appeared two years previously and slowly 
enlarged, was situated on the apex of the tumor; the ulcer had 
bled occasionally. The left temporal artery and vein presented 
through the integuments the appearance of a vessel 5/8 inch in 
diameter. More than twenty arteries, which were apparently 
dilated, were seen running to the tumor and actively pulsating. 

The tumor was probably a congenital arteriovenous 
fistula with marked proximal dilatation of the vessels. 

Case IX.—Reported by J. C. Warren, 1846. A remarkable 
case of aneurysm by anastomosis successfully treated by various 
operations. 

Male, 33 years of age. There was a red, soft, pulsating tumor, 
apparently consisting of coils of vessels about 3 inches in 
diameter and half an inch in thickness, situated on the forehead 
to the right of the median line. The right temporal, temporo- 
frontal and facial arteries were much dilated. On the left side 
the temporal artery, which was much dilated, and the left facial 
with its fellow, the artery of the right side and its accompany- 
ing veins, formed a vascular tumor at the right of the nose. 
The veins were greatly enlarged. The whole scalp in the neigh- 
borhood of the tumor seemed alive with smaller arterial pulsat- 
ing trunks. The tumor on the forehead had begun 16 years 
previously without any known cause; it had gradually in- 
creased in size. 

The symptoms consisted of occasional throbbing of the carotid 
arteries and distressing headaches accompanied by increased 
action of the blood vessels of the tumor and head generally. 

By compressing the right temporo-frontal and two temporo- 
parietal arteries, and on the left side the continuation of the 
temporal artery through the frontal region and the temporo- 
parietal, the pulsation of the tumor appeared arrested and its 
contents were readily expelled through the large veins running 
into the facial veins. 

This was probably a congenital arteriovenous fistula in 
which the channels of communication had lain latent, or 
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had not opened up, until the patient was 17 years of age. 
The vessels of the tumor were very probably made up of 
arteries and veins in both of which arterial blood was 
flowing so that it would be difficult to state which were 
arteries and which veins. Differentiation would be made 
more difficult by the thickening of the walls of the veins 
and the thinning out of the arterial walls which oceurs in 
arteriovenous fistula. The tumor steadily increased in 
size. 

Case X.—Reported by Pemberton in 1860. Female, 15 years 
old. The left half of the upper lip was entirely occupied by a 
large pulsating, compressible mass which extended upward as 
high as the malar bone. The facial arteries were dilated and 
tortuous, the left larger than the right. There were haemor- 
rhages. The vascular enlargement appeared in the form of a 
red spot, when the patient was three years of age. 


The proximal dilatation of the arteries suggests 
strongly the presence of an arteriovenous anastomosis, 
probably congenital in origin. The red spot spoken of is 
often incorrectly called a pulsating naevus, or naevus 
maternus. There was a constant enlargement of the 
tnmor for twelve years with frequent haemorrhages. 


Case XI.—Reported by J. Mason Warren in 1861. A formid- 
able case of aneurysm by anastomosis of the scalp. 

Male, 19 years of age. The patient entered the hospital for 
treatment of a tumor of the scalp. For a period of five years 
previously the blood vessels under the skin of the forehead had 
been enlarging but a decided tumor had existed for about a 
year only. The tumor was situated in the median line and 
measured 3X2 inches. Its appearance was that of a large mass 
of earth worms in a sac. It pulsated and was supplied by a 
great number of large tortuous vessels which pulsated strongly. 
The temporal and frontal arteries in front and the occipital 
artery behind seemed to afford the chief supply of blood to 
the tumor. There was an aneurysmal thrill in the whole sur- 
rounding tissue. The frontal arteries were especially enlarged, 
being quite as large as the radial artery. 


There was delayed opening of arteriovenous anasto- 
moses, marked proximal dilatation of the arteries and 
gradual enlargement of the tumor. This was probably a 
congenital arteriovenous fistula, often called cirsoid an- 
eurysm, pulsating naevus and aneurysm by anastomoses. 


Cask: XII.—Reported by Henry Lee in 1867. A case of aneu- 
rysmal varix. There was an enormous dilatation of the veins 
from the shoulder to below the elbow. The axillary vein was 
many times its proper size; the superficial veins and venae 
comites were greatly enlarged and a close plexus of veins had 
been developed in the substances of all the muscles on the 
anterior part of the arm. The arteries were perfectly natural. 
The arm during life was greatly swollen; the superficial veins 
were enlarged, the position of their valves being marked by 
slight swellings. The biceps could be felt larger than natural, 
in consequence, as was supposed, of the formation of veins in its 
interior. The disease had begun four years before the patient’s 
death. He awoke from sleep with a sensation of numbness 
in the right side of the body; this was followed by aching pains 
in the arm. There was as yet no swelling; but six months later 
he had a similar attack after which the arm was found to be 
increased in size. He afterwards had several attacks of the same 
nature, after each of which the enlargement became greater. 
While under treatment the patient contracted typhus and died. 


This case presents what might be called a venous aneu- 
rysm in which there is an increase in the size and number 
of the veins, a plexus of closely anastomosing veins which 
must have existed from the time when differentiation of 
the vessels of that arm occurred. In other words, the 
unusually rich venous network was probably a persistence 
of the original venous network existing in the embryo, 
later dilating and opening up four years before the death 
of the patient. There was no connection in this case be- 
tween the arterial and venous systems, and as one would 
expect, the arteries were normal in size. If an ‘arterio- 
venous fistula is present the arteries are always dilated 
proximally. 

Case XIII.—Reported by S. W. Gross in 1867. A remarkable 
case of congenital aneurysmal varix of the leg and foot. 

Female, 43 years of age. The patient was admitted to the 
hospital with aneurysmal enlargement of the left foot and leg 
from back of the toes as high as the knee. The vessels were 
dilated and pulsating. There was an aneurysmal thrill with 
bruit. An ulcer as large as a ten-cent piece was situated on the 
dorsal surface of the foot; the ulcer occasionally bled. When 
the foot was kept elevated the ulcer healed, but as it was impos- 
sible to take these precautions, it had remained open for a 
number of years. 

The patient was born with a naevus maternus on the back of 
the foot. The superficial veins and arteries becaine tortuous 
and increased in size at the age of 3 years. Six years sub- 
sequently the ulcer made its appearance near the web of the 
great toe and about 4 years before her admission to the hospital 
sores broke out on different portions of the foot, the largest 
being over the internal malleolus. 

Seventeen years previously two arteries were taken up on the 
inner and upper portion of the leg. The physician failed in an 
attempt to ligate the femoral artery in the lower part of its 
course. 

The leg was amputated below the knee. The internal saphe- 
nous vein was dilated and tortuous, with thickened coats like 
an artery. The operation was followed by chill, fever, profuse: 
discharge of pus from the limb, and the patient died on the 
twenty-eighth day. 

At autopsy an immense’ diffuse abscess was found from the 
stump to the crest of the ilium. The amputated limb was in- 
jected with a mixture of tallow and magnesia through the 
posterior tibial artery and the material passed not only into 
the superficial and deep veins and arteries but escaped very 
abundantly from the medullary canal of the tibia and fibula. 
The posterior tibial artery was nearly as large as the femoral 
and its accompanying veins were twisted and nodulated. The 
tumor may be said to have been situated on the back and sole 
of the foot. It was impossible to distinguish any artery except 
the posterior tibial in the specimen. 


This case demonstrates the occurrence of two congenital 
disturbances of the blood vascular system in the same 
patient. At birth there was a naevus maternus on the 
dorsum of the foot; the exact nature of this tumor cannot 
be made out from the history but it was probably of the 
nature of a haemangioma. Examination of the specimen 
removed by amputation showed the probable existence of 
multiple fistulous communications between the posterior 
tibial artery and accompanying veins. There was marked 
dilatation of the posterior tibial artery. This was un- 
doubtedly a case of congenital arteriovenous fistula with 
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an accompanying haemangioma. The etiology of these two 
vascular disturbances was more than likely the same, that 
is to say, they were due to a persistence of embryonic 
vascular communications. This case resembles very much 
Case No. VI. 

Case XIV.—Reported by Després in 1879. Female, 16 years 
of age. Since birth patient had had a raspberry red spot on 
the anterior part of the dorsal side of the tongue. About a year 
before examination the patient had noticed a small hard tumor, 
appearing without apparent cause, below the anterior third of 
the horjzontal branch of the inferior maxillary artery. This 
tumor grew progressively larger. About three months before 
examination the patient had noticed pulsations and thrill in 
this tumor. 

Examination showed considerable swelling of the supra-hyoid 
region, especially on the left. The hard tumor extended from 
the median line to the left submaxillary gland, with pulsation 
and expansile movements. There was a very intense thrill over 
the gland, extending into the veins of the neck, and to the left 
ranine vein, which were dilated and tortuous; a thrill was also 
present in the supra-hyoid region at the site of the right lingual 
vein. Compression of the carotid diminished the volume of the 
tumor but did not cause the disappearance of the thrill or pulsa- 
tions. Simultaneous compression of the jugular made the thrill 
disappear but produced a distressing cephalic congestion. 

There was continuous bruit over the tumor and at the jugular 
(left), tending to be continuous without systolic reinforcement 
over the jugular. The same was true of the right jugular. Com- 
pression was applied without success. 

This was probably a congenital arteriovenous fistula of 
the left neck existing between branches of the external 
‘arotid artery and accompanying veins. Associated with 
this fistula but entirely separate was the red spot, prob- 
ably a haemangioma, of the tongue. Thus, as in Case X11, 
reported by Gross, there were two types of anomalous or 
abnormal formations of the blood-vascular system, the 
arteriovenous fistula on the one hand and the probable 
haemangioma on the other. The arteriovenous fistula re- 
mained latent for a period of about fifteen years. The 
close association of the two conditions is quite striking. 

Cast XV.—Reported by Frederic S. Eve in 1880. A case of 
so-called aneurysm by anastomosis, of the ear. 

Female, 21 years old. A lump, probably a naevus, had been 
present on the patient's ear since birth. It grew very slowly but 
was always pulsatile. Six years previously a prominent lump 
on the upper part of the pinna was ligatured because of its in- 
crease in size. During the last year the vascular growth had ex- 
tended very rapidly. Bleeding had occasionally taken place 
since infancy, but had become more frequent and severe during 
the last two years. 

Examination.—The pinna was of a purplish, dull red color, 
and enlarged in all its dimensions, especially in the thickness at 
the margin. The whole auricle posterior to the auditory meatus 
was involved. The concha was filled up by a largely lobulated 
projection and the helix and posterior surface of the pinna were 
finely lobulated; the lobulations were not produced by large 
tortuous vessels, except at the margin of the growth. There 
was distinct pulsation and a bruit was heard. The growth was 
neither tender nor painful. 

The posterior auricular and temporal arteries were much 
enlarged and pulsated forcibly, but the morbid change did not 
extend beneath the surrounding integument. The right common 
carotid artery pulsated more forcibly than the left; when it was 
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compressed the ear became pale, smaller and hung soft and 
flaccid. The pulse at the wrist was small and feeble. 

Operation.—The ear was removed by an incision around its 
attachment, including a wide area of integument. The patient 
recovered. 

The supplying vessels were numerous and of large size, one 
ot the branches of the posterior auricular being nearly as large 
as the radial; their walls were extremely thin. Microscopic 
sections showed numerous arterioles of various sizes, giving off 
capillaries which anastomosed and formed a close and more or 
less uniform network throughout the tissue. 

This was a congenital aneurysmal tumor consisting of 
many dilated arterioles with free anastomoses forming an 
arterial network throughout the tissue of the ear. The 
tumor was undoubtedly a haemangioma which increased 
in size by a gradual opening up of anastomotic channels 
between arterioles which had lain latent since birth. This 
tumor might be called an arterial angiectasis. It is in- 
teresting to note that in this type of blood-vessel tumor, 
in which only the arterial tree was involved, there was 
also proximal dilatation of the afferent arteries as occurs 
in arteriovenous fistula. 

Case XVI.—Reported by Domainville in 1883. Aneurysm by 
anastomosis of face and orbit; electrolysis; ligature of the com. 
mon carotid artery. 

Female, 43 years old. The patient was born with a naevus 
on the right cheek near the eye which had not grown until after 
her first confinement, sixteen years before. Then it extended 
towards the lip but did not cause pain. 

Seven years before admission, as far as can be made out from 
the vague description, the right superior coronary artery was 
probably tied. Shortly after this operation the aneurysm began 
to extend upward toward the eye. It gave her no pain. 

About one month before admission to the hospital the patient 
accidentally struck her head against a bedpost. The tumor 
began to increase in size and became painful. 

Exramination.—The tumor extended from the orbit and lid to 
the lip, elevating the skin to the extent of two inches or more. 
Pulsation was very strong and was easily seen. All of the 
blood vesels on that side of the face were enlarged. The mucous 
membrane of the mouth and gums was very vascular. The 
patient complained of a sense of fullness and throbbing in the 
eye and lip and said that the vision in that eye had never been 
as good as in the other eye. Pulsation in the mouth was strong 
and violent. 

Operation.—Dr. Bliss. Electrolysis by means of zinc carbon 
battery. Several needles were thrust in in several places. This 
was followed by extensive sloughing of the upper part of the 
cheek. The pulsation was entirely suppressed where the slough- 
ing occurred and for some little distance around it but nowhere 
else. Other parts of the tumor began to increase very much in 
size. The upper and lower limits throbbed violently. 

Upon the advice of Dr. F. H. Hamilton and Dr. T. M. Markoe 
the right common carotid artery was tied above the omohyoid. 
There was union by first intention. The gut ligature was ab- 
sorbed. No bad symptoms followed the operation except pain in 
the right arm and around the clavicle. Immediately after the 
operation all throbbing ceased in the tumor except in the inner 
canthus near the median line where slight pulsation could be 
detected. Improvement was steady and progressive and when 
the patient was discharged from the hospital in June, 1883, 
there was slight pain in the arm and pulsation was perceptible 
at the inner canthus. 
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When the patient was seen in September, 1883, there was no 
pulsation perceptible except at the inner canthus. The angular 
artery seemed to be enlarged. The pain in the arm had entirely 
gone and the patient’s vision seemed to be improved. At this 
time the patient said she felt strong and had not been so well 
for years. Her condition was as satisfactory as could be desired. 

The data given here do not, we think, permit of an ac- 
curate classification of this case except that there existed 
some type of congenital angiomatous tumor at birth which 
increased in size gradually over a period of forty-three 
years. At the age of twenty-seven, following the stresses 
and strains of confinement, there was a noticeable increase 
in the size of the tumor. It is possible that unusual force 
exerted on already thinned arterial walls could cause a 
rupture, with the formation of a spontaneous arterio- 
venous fistula, or that sudden increase in force might open 
up new anastomotic channels which would also cause an 
increase in the size of the tumor. Later, the patient 
struck her head and the tumor further increased in size. 

This post-traumatic enlargement has been found to oc- 
cur in some of the other cases. 

Ligation of the right comon carotid artery effected a 
cure, for six months later no recurrence of the pulsation, 
thrill or bruit had occurred. The vascular tumor was 
certainly, therefore, not of a neoplastic character, but 
whether or not there occurred anastomoses between the 
arteries and veins could not be ascertained from the re- 
port of the case. This is another instance of the close as- 
sociation of a naevus, birth mark, or haemangioma with 
a concomitant disturbed vascular mechanism which pre- 
sents later in life. The frequent close association of these 
two conditions renders it highly probable, we think, that 
the etiological factor for the two conditions is the same. 

Case XVII.—Reported by J. W. Brandau 1892. Aneurysm by 
anastomosis. 

Male, 15 years old. At the time of birth the patient had a 
naevus on the helix of the right ear. It began to enlarge when 
he was five years of age. An arterial pulsating tumor as large 
as a lemon developed, involving the upper two-thirds of the ear 
and hanging downwards and outwards, scarlet in color with 
tinges of purple. The scalp over the region corresponding to 
the temporal bone was covered by pulsating swellings about the 
size of filberts, and having somewhat the appearance of varicose 
veins except that the color had more of an arterial hue. There 
was general hypertrophy of all of the vessels of the correspond- 
ing side of the neck, the external carotid artery having developed 
or expanded into a fusiform aneurysm about half an inch in 
diameter, with an aneurysmal bruit. 

About two weeks before operation the patient received a blow 
on the ear which caused haemorrhage. 

Operation.—As the external carotid artery was so much en- 
larged, the right common carotid was ligated about one inch 
below the bifurcation. The common carotid was enlarged to 
the size of the common iliac artery. The tumor was ligatured 
and removed. Three small arterial sacs on the remaining part 
of the ear were punctured with a galvano-caustic lancet. The 
tumors on the scalp were treated in the same manner. 


The history of the case, together with the findings, sug- 
gests strongly the presence of an arteriovenous fistula con- 
genital in origin. The arterial hue of the venous bloo:, 


the rapid growth, the proximal dilatation of the vessels 
are all indicative of an arteriovenous fistula. The condi- 
tion either developed in the haemangioma present at birth, 
or the two vascular disturbances occurred concomitantly. 

Case XVIII.—Reported by James Berry in 1906. Large arterio- 
venous aneurysm of the neck treated by excision. 

Female, 39 years old. The patient was admitted to the 
hospital complaining of a large pulsating tumor on the right 
side of the neck. Twenty years previously she had noticed a 
small swelling about the size of a filbert at the lower part of 
the right side of the neck. This had gradually and very slowly 
increased in size but had caused no serious inconvenience until 
the previous year when the patient received a hard blow on it. 
From that time on the swelling had rapidly increased in size 
and had begun to give trouble, chiefly dyspnoea, palpitation, 
pain in the neck, side of the head and arm, and a throbbing 
noise in the tumor. Her voice had become somewhat hoarse. 

Examination.—On the right side of the neck, occupying most 
of the anterior triangle and some of the posterior, was a promi- 
nent irregular swelling somewhat larger than a man’s fist. It 
extended laterally from a point half an inch to the left of the 
middle line to the middle of the right clavicle. The lower part 
of the tumor was below and behind the upper border of the 
sternum and clavicle; its lower border could not be defined. 
The main swelling extended upward as high as the upper 
border of the thyroid cartilage. A deep conical prolongation of 
the tumor extended much higher upward along the line of the 
carotid vessels as far as beyond the angle of the jaw. The 
tumor lay beneath the right sternomastoid which was displaced 
forwards and outwards and formed a constriction over the tumor, 
dividing it into two unequal portions, a prominent anterior 
portion and a much smaller and less prominent portion in the 
posterior triangle. Two outlying portions of the tumor lay at 
the upper part of the posterior triangle and in front of the inner 
end of the right clavicle. These were rounded, smooth lumps as 
large as marbles and pulsating strongly. The whole tumor was 
soft and could be compressed with moderate force. There was 
a powerful expansile pulsation everywhere. Firm, steady pres- 
sure upon the tumor caused pulsation to disappear almost com- 
pletely. 

The swelling diminished to a certain extent when the patient 
lay down. A loud, harsh, systolic murmur could be heard all 
over the tumor and there was a well marked thrill on palpation. 
The carotid vessels could not be felt on the right side of the 
neck. A diagnosis of arteriovenous aneurysm was made, 
although the exact point of communication between the 
arteries and veins could not be determined. It seemed clear 
that most, if not all, of the deep veins in both the anterior and 
posterior triangle were affected. 

Operation.—The sternomastoid muscle was cut completely 
across about half an inch from its sternal and clavicle attach- 
ments. The inner and lower part of the tumor having been 
cleared and lifted up, the greatly dilated internal jugular vein 
was seen to be lying under and internal to the tumor. Some 
veins connecting it with the tumor were tied but the main 
trunk was not interfered with. The common carotid artery was 
also exposed, but was found not to communicate directly with 
the tumor. It was not tied. Below, a huge vein more than an 
inch in diameter ran directly from the tumor downwards be- 
hind the clavicle into the thorax. This was pulled upwards as 
much as possible, tied in two places and then cut. 

At the upper and interior end of the wound the superior 
thyroid, lingual and facial arteries were tied near their origins 
and about one and a half inches of the external carotid, which 
was closely connected with the tumor, were excised with it, 
after ligature above and below. These were the only arteries of 
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appreciable size that required ligature. In the posterior triangle 
a large number of dilated, pulsating veins were divided after 
clamping and ligature. The divided sternomastoid was re- 
placed and sutured. 

The tumor was composed of a mass of tortuous, dilated and 
distended veins, most of which were of the size of a little finger. 
Some were much larger, and one was at least as large as a 
bantam’s egg. A careful dissection failed to reveal the exact 
point of communication between the arteries and venous system, 
although it was clearly somewhere near the origin of the external 
carotid artery at the only place where the arterial trunks were 
intimately connected with the main mass of the tumor. 

The progress of the case was uneventful. The patient re- 
turned to her home five weeks after the operation, quite well in 
all respects. 

This case presents a picture similar to that seen in Cases 
IV and V. The onset followed a strain or trauma, prob- 
ably a congenital arteriovenous fistula, although not abso- 
lutely proven; anastomatic channels had remained latent 
or not patent until the patient was about 19 years of age. 
Further growth was due to the unusual direction, stresses 
and strains of an abnormal channel for the blood flow 
The local and general signs and symptoms were typical 
of an arteriovenous fistula. Complete excision resulted 
in a cure. Thus, the duration of the aneurysmal tumor, 
together with the complete cure by ligation of the main 
arterial trunks, rules out the possibility of it being a neo- 
plasm and make the persistence of the embryological type 
of circulation as an etiological factor more probable. 

In the hope that some light might be thrown on the 
etiology of this disturbed vascular mechanism, the ana- 
tomical condition to be expected and the physiological 
changes involved, the author’s case is reported. 

Case XIX.—-Mr. A. J., 20 years old, was admitted to the 
Surgical Service of the Johns Hopkins Hospital on January 
7th, 1924, complaining of a pulsating, rumbling mass in the left 
side of his neck. There was no history of any similar or other 
congenital defects in the family. The venereal history of the 
family and the patient was negative. When he was three weeks 
old, the parents noticed a pulsating tumor on the left side of 
the neck immediately below the lobe of the ear. As far back as 
the patient could remember he had always had this throbbing, 
pulsating tumor, but he thought it had not increased in size 
more rapidly than the structures about it, so that in proportion 
it was no larger than at birth. There were frequent attacks of 
epistaxis which were very difficult to control. As a boy, the 
patient had noticed that he was definitely more shortwinded 
than his playmates, although this condition never became embar- 
rassing because of any lack of endurance. The shortness of 
breath was rather that of hyperpnoea than dyspnoea, on exertion. 
There were never any symptoms or signs referable to an af- 
fection of the heart. At times the patient noticed slight attacks 
of dizziness especially after severe exercise, excitement, or 
pressure on the left side of the neck. There was always a roar- 
ing and rumbling in his neck which could be easily heard over 
his entire head but which bothered him only at night when 
lying on his left side. In the day-time he paid no attention to it. 
The wearing of a tight collar caused a large vein on the left 
side to become larger and the left side of the face to feel much 
warmer. The same amount of pressure on the right side pro- 
duced no such effect. Three years ago, and again two years ago, 
the patient suffered from severe attacks of acute tonsillitis as- 
sociated with joint pains. Since that time he has had frequent 


infections of the upper respiratory tract; but otherwise has 
enjoyed excellent health and has been able to participate in al) 
activities indulged in by others of his age, not having been at 
all incapacitated by the pulsating tumor in his neck. 

Examination.—Temperature 98.2°F. Pulse 80. Respirations 
20. Blood pressure 120/76, right and left arm. The patient 
was a young white man appearing to be in excellent health and 
spirits. There was a marked acne vulgaris of the face and 
neck. There was a very pronounced pulsating tumor of the 
left side of the neck which was immediately below and to one 
side of the angle of the left jaw, causing the left ear to be dis- 
placed laterally with each pulsation of the tumor (Fig. 1). The 
displacement of the ear and pulsation of the tumor were syn- 
chronous with the cardiac systole. The arterial pulsation or 
excursion of the vessels of the left side of the neck was approxi- 
mately twice as great as on the right side. There was a general 
arterial suffusion in the left side of the face which was absent 
on the right side, although the temperature of the two sides was 
about the same. On palpation, there was a marked buzzing 
thrill or.machinery hum felt over the entirg left side of the neck 
and head, but with the maximal intensity over an area just be- 
low the angle of the left jaw which was the seat of a forceful, 
vigorous, expansive pulsation. The thrill was transmitted into 
the superficial veins, both distally and proximally, these veins 
seeming to have an arterial pulsation. 


On pressure at the base of the left side of the neck, just above 
the middle of the clavicle, there was a filling up of a very large 
vein, measuring about 3 cm. in diameter, which, of course, 
filled up from above and pulsated vigorously. It had the general 
anatomical position of the external jugular vein. A feeling of 
fulness of the left side of the face, and slight dizziness, accom- 
panied by a flushing of the left half of the face, resulted from 
the occlusion of this large vein. The common carotid artery on 
the left side could be palpated throughout its length and seemed 
to be about three times as large as on the right. The carotid 
pulsations on the left were at least twice as great as on the 
right side. There did not seem to be any increase in the length 
ot the common carotid, as it was not at all tortuous. The 
temporal artery on the left was definitely smaller than on the 
right side and the volume of the pulse definitely smaller. There 
was no suggestion of a collapsing pulse. Occlusion of the left 
common carotid by digital pressure caused a cessation of the 
pulsation of the aneurysmal tumor and also of the thrill which 
accompanied it. The tumor collapsed, leaving a quite marked 
hollow space below the lobe of the left ear, and there was marked 
blanching of the entire left side of the face. Complete occlusion 
of the left common carotid artery was also associated with a 
feeling of dizziness and a definite diplopia. The pulse decreased 
from twenty to thirty beats per minute while the systolic and 
diastolic blood pressures increased 20 mm. 

The diplopia was interesting, as the visual image of the left 
eye was seen at a higher level than that of the right eye. Pres- 
sure made immediately beneath the angle of the jaw and the 
lobe of the left ear, over the point of maximum pulsation and 
thrill, caused a complete collapse of the pulsating tumor, dis- 
appearance of the thrill and very slight blanching of the left 
face. There was, however, a total absence of the diplopia and 
dizziness. This was, we thought, the point of the fistulous com- 
munication. The pulsation of the left temporal artery ceased 
upon occlusion of both the common carotid artery on the left 
and the point of fistulous communication. On auscultation, there 
was a marked loud rumbling to and fro, machinery-like mur- 
mur heard over the entire left side of the head and neck with 
maximal intensity over the point of greatest pulsation of the 
tumor. The murmur disappeared upon occlusion of the common 
carotid artery and the point of maximal pulsation of the tumor. 
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Examination of the eye-grounds revealed most interesting 
changes. The left retina was definitely more vascular than the 
right, therefore appearing a lighter shade of red. The margin 
ot the optic disc was not as sharp on the left as on the right. 
The retinal veins on the left side were much larger, more tor- 
tuous, a lighter shade of red, and pulsated more vigorously than 
on the right side. The retinal arteries on the left side were 
smaller than on the right. Occlusion of the left common carotid, 
or pressure at the point of probable fistulous communication, 
caused a cessation of the pulsation in the retinal veins and a 
marked decrease in their size. Pressure made on the large 
yenous trunk of the left side, probably the external jugular vein, 
caused a marked engorgement of the left retinal veins. None 
of these phenomena were observed to occur on the right side. 
The pulsation of the tumor extended into the mouth, causing 
the left tonsil to be moved cephalward and medialward with 
each pulsation of the tumor. There was also a chronic tonsil- 
litis. The thorax and lungs were entirely normal. 

Heart——The precordium was normal in appearance. There 
was no bulging or heaving. The apex impulse was not seen. 
Point of maximum impulse just inside the nipple Jine in fifth 
interspace. The heart was regular in rate and rhythm. The 
sounds were clear. A soft blowing systolic murmur was best 
heard at the apex and over the left margin of the heart to the 
base. It was not transmitted to the axilla or back. No diastolic 
murmur was heard. The aortic second was touder than the 
pulmonic second sound. 

Pulse—The radials were equal and regular in rate, volume 
and rhythm; there was no collapsing quality. Abdomen: Nega- 
tive. Liver and spleen not felt. Extremities: There was no 
oedema; the reflexes were normal. 

Special Examinations.—Urine and stool negative. Wasser- 
mann negative. Blood: R. B. C. 5,000,000; W. B. C. 9,000; Hb. 
85%; Differential formula undisturbed. Electrocardiogram nor- 
mal (Fig. 2). Teleoroentgenogram normal. Roentgenogram of 
skull demonstrated many dilated diploic vessels on the left side. 

Impression.—Congenital arteriovenous fistula between the 
external carotid artery and the external jugular vein. 

Operation.—The operation was performed by me on January 
19th, 1924. An incision was made from just in front of the 
tragus of the left ear to just above the middle of the left 
clavicle. Very strict aseptic technique was observed and fine 
“a” silk suture material was used throughout. The skin and 
platysma were dissected back as separate flaps, exposing an 
enormously dilated, pulsating venous trunk, measuring about 
4 cm. in diameter, which appeared to be the external jugular 
vein (Fig. 3), in which one could observe arterial and venous 
blood mixing together. Pressure at the lower portion distended 
this trunk to a degree that was alarming. The walls of this 
vessel were thickened only slightly, if at all. The common 
carotid artery was next exposed and found to be very greatly 
dilated but not tortuous (Fig. 4). Occlusion of the common 
carotid artery here caused complete collapse of the dilated 
external jugular vein. The artery measured about 3 cm. in 
diameter. Oiled tape was placed twice around the common 
carotid to be used in case of an accident (Fig. 5). The large 
venous trunk was dissected throughout the entire length of the 
incision and found to extend well under the parotid gland which 
was dissected free, together with the facial nerve, and re- 
tracted (Fig. 6). The external and internal carotid arteries 
were then exposed and found to present most interesting changes. 
The internal carotid was very small and the external carotid 
was very much dilated up to the point where it crossed under 
the large vein. The external carotid artery passed upward and 
towards the midline, making a turn about the digastric muscle 
and then running lateralward under the large external jugular 
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vein, where the artery again turned for the second time and 
passed under the inferior ramus of the left mandible in the 
general course of the external maxillary artery. As this vessel 
passed under the mandible, it became strikingly smaller in 
diameter and it was remarkable to note the sharp descent of the 
cone to what approximated a normal-sized vessel. No internal 
jugular vein could be found (Fig. 6). Eight fistulous com- 
munications were then dissected out between the external carotid 
artery and the anomalous external jugular vein. Three of the 
fistulae were situated on the posterior aspect of the vein and 
five on the anterior aspect. The uppermost fistula trifurcated 
just before entering the vein (Figs. 5, 6, and 7). These 
fistulae were doubly ligated with medium “C” silk, transfixed 
and cut between. The upper anterior fistula had to be closed 
with a lateral suture of the arterial wall. Although, as the 
fistulae were ligated, the thrill and pulsation in the vein were 
warkedly diminished, there was not a complete cessation until 
the last communication had been divided (Fig. 8). The artery 
and vein were dissected entirely free, their lumina remaining 
patent at the end of the operation. The operative findings thus 
confirmed the clinical diagnosis. The wound was closed with 
fine silk and a silver-foil dressing applied. The patient's condi- 
tion at the termination of the operation was excellent. 


Post-operative Course.—The convalescence was unevent- 
ful. The wound healed per primam. The patient stated 
that he felt very strange and “still” after the years of in- 
cessant rearing and rumbling in his head. As was ex- 
pected, there developed marked induration of the parotid 
gland and a complete paralysis of the left facial nerve 
(Fig. 9). The induration of the parotid gland rapidly 
subsided and there was a concomitant improvement of the 
facial palsy, so that when the patient was discharged, 
twenty-one days after the operation, the face was almost 
symmetrical in its movements. This palsy was probably 
due to direct retraction on the nerve during the operation, 
or to induration of the parotid gland itself, the result of 
handling during the operation. There was a marked con- 
‘avity below the left ear at the previous site of the pulsat- 
ing tumor, or pulsating distended vein, which lay directly 
on the top of the artery. This large vein, having now to 
take care of only the venous drainage from the left side of 
the head, was very much collapsed. It could be made to 
fill up slightly by pressure at the base of the neck just 
above the clavicle. This proved the patency of its lumen. 
The pulsation in the artery was, as- would be expected, 
not very much changed. The thrill and bruit had entirely 
disappeared. Examination revealed no change in the 
heart since the operation but the teleoroentgenogram 
demonstrated, if anything, a slight increase in the M.L. 
which is in accordance with the findings of Lewis and 
Drury.** The electrocardiogram was unchanged. The 
blood pressure, systolic and diastolic, was definitely elevat- 
ed for the first few days but gradually fell to the pre- 
operative level by the fifth day. This also accords with 
Lewis and Drury. Nothing striking was noted in the 
pre-operative or post-operative condition of the pulse pres- 
sure. The studies of the blood revealed a most interest- 
ing change. The rise in the red blood cell count to 6,000,- 
000 after the operation was almost certainly due to a con- 
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centration of the blood. After two days the red blood cells 
fell to 4,080,000, and the hemoglobin to 80 per cent. 

On May Ist, three and one half months after the oper: 
tion, the patient returned for observation, The facial 
palsy had entirely disappeared (Fig. 10). The indura- 
tion of the parotid gland was no longer noted. There was 
a tendency to a slight keloid formation in the lower third 
of the scar. The scar was not adherent. There was no 
bruit or thrill, and no roaring or rumbling in the head. 
The pulsation of the external carotid was definitely dim- 
inished. The dilatation of the retinal vessels in the left 
eye had entirely disappeared, as well as in the diploé of 
the skull. The electrocardiogram and teleoroentgenogram 
of the chest were normal as before operation. The blood 
pressure was 120/76—brachialis left and right. The 
patient also stated that the shortness of breath was not as 
noticeable as previously and that he had much more “pep.” 
His respiratory rate while in the hespital was below 20. 

Experimental Data.—The multiplicity of the fistulous 
communications in this case, together with the presence 
of an anomalous external jugular vein and a total absence 
of an internal jugular vein, at once suggested the idea 
that the disturbed vascular mechanism was due to the 
persistence of the embryonic type of circulation. A study 
was then made of specimens of pig embryos, 6.5 to 20 mm. 
in length, which were injected with India ink in the um- 
bilical vein and cleared with the Spalteholtz method, and 
also of the area vasculosa of living chick embryos, of from 
one to four days’ incubation. The area vasculosa of the 
chick embryos was studied by means of cutting a window 
in the egg-shell over the blastoderm and observing directly 
the circulation with the microscope, either over a short 
period of time (two to six hours) or aseptically for a 
period of several days. This study of the embryonic cir- 
culation was made in the hope that some explanation 
might be found for (1) the presence, and (2) the per- 
sistence of embryonic communications between an artery 
and a vein. 

In 1922, we found,*’ in working on the development of 
the metanephros in tissue cultures, that the anlage of the 
blood vascular system differentiates out in situ, for each 
separate region of the embryo, as a primary capillary net- 
work which is very rich in anastomoses and through which 
the flow of blood is very slow. The definitive vascular tree 
is then evolved from this primary capillary network by a 
gradual coalescence of some of the more fortuitously 
placed capillaries and an atrophy and disappearance of 
those less favorably situated. In the course of normal 
development the paths taken by the blood-stream are, 
with the exception of very minor and inconsequential 
variations, quite definite for each region of the embryo. 
The cardiac impulse, as well as certain other hydro 
dynamical factors play a very important part in the deter- 
mination of the definitive vascular bed, but the greatest 
factor is undoubtedly the inherent tendency of certain 


embryonic tissues to form certain definite structures. [yp 
the tissue cultures referred to above, we found that the 
vascular tree would differentiate and further develop in 
the normal and characteristic manner, although totally 
removed from the influence of the circulating blood. How. 
ever, as soon as the environment in which the vascular 
anlage was developing was caused in any way to become 
detrimental to this development, there would be observed 
unusual and bizarre formations composed of all stages, 
from the perfectly normal formation of capillaries to flat 
sheets and masses of differentiated endothelium, so that, 
we believe, it can be definitely stated that there is in the 
life cycle of a cell, or tissue, which is differentiating or 
growing, a period in which the cell is very sensitive to its 
environment and any injury to it at this stage will result 
in the abnormal growth and development of that cell or 
structure, This interference may occur at any point in 
the course of differentiation and development. 

Having observed the above-mentioned phenomena in tis. 
sue cultures, we attempted to reproduce them, or similar 
changes, in the living chick embryo. For this purpose the 
area vasculosa was chosen, inasmuch as this region offers 
an excellent field for the observation of the further de- 
velopment of the blood vascular tree, or system. The 
formation of the vascular tree here is easily studied, be- 
cause the development takes place in a comparatively 
short period. The flow of blood through that area, at 
first, is entirely arterial, flowing away from the heart to 
the peripheral or marginal vein. The flow is centrifugal. 
The arterial tree is first formed by the gradual coalescence 
of many capillary channels to form several larger arterial 
trunks. There is at first a very rich anastomosing capil- 
lary communication between these larger trunks, but 
these communications diminish in an orderly sequence 
centrifugally, as development proceeds. Very beautiful 
plates of the area vasculosa are shown in Popoff’s Atlas.” 
The arterial trunk is very well developed before any blood 
‘an be seen flowing back, or centripetally, except through 
the marginal veins. However, after three days’ incuba- 
tion there is a most striking change in the area vasculosa 
network. Up to this time the capillary network has been 
entirely arterial, but now there is a transformation, and 
part of the capillary network assumes a venous character 
with a centripetal flow of blood, especially posterior and 
lateral to the embryo. This change is brought about not 
by the formation of a pew capillary bed but by the forma- 
tion of new connections between the original capillary 
network and the venous trunks, i.e. the anterior and 
posterior vitelline veins. Thus the flow of blood is merely 
reversed and the capillary network, which previously 
served as an arterial channel, now serves as a venous 
channel. The development of the venous system is, from 
this point on, exactly similar to that described for the 
arterial system. 

A large number of the capillary communications persist 
between the arterial and venous trunks, such as the 
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omphalomesenteric artery and vein, for a number of hours 
after the larger vessels are fairly well formed. These 
comunications eventually atrophy in the normal course 
of development. Many attempts were made to cause a 
persistence of one or more of these vapillary embryonic 
communications between the well formed arterial and 
yenous trunks, because we felt sure that an arteriovenous 
fistula would result. Different methods of irritation were 
tried, but all were unsuccessful except in one specimen 
which was being used for another experiment at that time 
and which was examined only as a matter of routine. 


In this specimen it was noted that one of these capillary 
communications which had not yet atrophied between the 
artery and vein, became much larger and took over a 
greater part of the blood flowing in that particular 
The artery proximal to the fistula begame en- 
larged and distally became smaller. The venous trunk 
became enlarged both proximally and distally. Dr. Flor- 
ence R. Sabin has very kindly written me the following 
account of this experiment: 


artery. 


“In the course of some unpublished experiments which 
Dr. R. S. Cunningham and I are carrying out to follow 
certain changes in endothelium, we produced an arterio- 
venous fistula in the area vasculosa between the omphalo- 
mesenteric artery and vein. The chick (T 14) was put 
into the incubator at 10 A. M., November 30, 1922; it was 
taken out at 11.20 A. M., two days later (December 2, 
1922) for the experiment. A small window was cut in 
the shell, through which the chick, as far as it could be 
seen, appeared entirely normal. Through a tiny capillary 
pipette, three drops of the filtrate of a broth culture of 
B. typhosus diluted in equal parts of Locke-Lewis solution 
were injected into the marginal vein. This took but a few 
minutes and the shell was sealed and the egg returned 
to the incubator. At 8.30 P. M., the same day, nearly nine 
hours after the injection of the toxin, the egg was opened, 
the blastoderm cut out and mounted in a hanging drop 
preparation and studied. It was noted that the vessels 
seemed dilated, but there was no sign of endothelial pro- 
liferation. The chick had an omphalomesenteric vein ac- 
companying the artery and it was noted that there was a 
tiny connection between the two vessels and that an oc- 
casional corpuscle left the artery, passed directly into the 
vein and so went directly back to the heart. This speci- 
men was watched until 9.57 P. M. and during this period 
of an hour and twenty-seven minutes the amount of blood 
passing into the sinus increased markedly so that at the 
time the chick was fixed the fistula had become so marked 
that as much as half of the blood of the artery ran as 
through a vortex directly into the vein. Such a prepara- 
tion would certainly have produced an abnormal embryo 
if it had been allowed to live.” 

Whether or not this experiment can be repeated remains 
to be seen, and whether or not the production of the 
arteriovenous fistula was merely a coincidence, we do not 


} 


know, but in view of the fact that other malformations 
and abnormal conditions could be produced in tissue cul- 
tures by irritation, it would seem to be well within the 
realm of possibility that an abnormal development in the 
living could be produced by irritation. 


Disregarding the cause, it can be said with certain- 
ty that in the above experiment there was produced 
an arteriovenous fistula due to the persistence of embry- 
onic communications between an arterial and yenous 
trunk. Two other interesting facts were brought out in 
the study of the reaction of arteries to trauma. If 
the branches of an artery have been torn and have 
become plugged, the diameter of the parent trunk 
decreases in direct proportion to the number of branches 
obliterated. This diminution in size of the vessels is deti- 
nitely observed for a distance along the artery up to the 
point of the last branch obliterated. From this point on 
the artery is of perfectly normal size. The reverse could 
also be said—the diameter of an artery increases as the 
sum total of the diameters of its branches increase. This 
is the observation made by us in the experimental pro- 
duction of an arteriovenous fistula. In our case we ob- 
served dilatation of the artery up to the most distant 
fistula. Also, following injury, the arterial stream would 
establish itself much more rapidly than the venous flow, 
and a noticeable engorgement of the veins and swelling of 
the area drained by that venous trunk would be observed 
to occur in the interval between the establishment of a full 
arterial supply and good venous drainage. This engorge- 
ment and swelling would disappear entirely when the 
venous channel had re-established itself. The re-establish- 
ment of the trunk, whether arterial or venous, occurred 
partly through recanalization or reunion of the old chan- 
nels and partly by the opening up of capillaries connect- 
ing the parent trunk proximal to the discontinuity with 
the trunk distal to the discontinuity. The capillary chan- 
nels, not having been noticed before, were seen to open up 
gradually. 


A careful study of the injected pig embryos revealed 
many communications between the internal carotid 
arteries and the anterior cardinal veins. There were 
throughout the embryo numerous anastomosing channels 
between arterial and venous trunks. It is quite impos- 
sible to photograph successfully these specimens, but the 
drawings here shown of the development of the subclavian 
artery and vein portray very well the exact conditions 
which exist or occur during the development of the vascu- 
lar system elsewhere in the embryo (Fig. 11). Here are 
plainly shown many communications between the sub- 
clavian artery and vein which gradually disappear as the 
main arterial and venous trunks define themselves. It is 
quite probable that there might very well be one, or many 
channels of communication persisting between these ves- 
sels. Also, we believe, in the event of a persistence of 
these fistulous communications, as in the case reported 
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here, it would be more than likely that the communica- 
tions would be multiple, rather than that just one single 
communication would persist. As stated above, the study 
of the embryonic circulation was made in the hope that 
some explanation might be found for the presence and 
persistence of embryonic communications between an 
artery and a vein. The above observations seem to prove 
definitely that there are many capillary communications 
between developing arteries and veins in the embryo which 
offer ample opportunity for the development of arterio- 
venous fistulae; also, that the persistence of these chan- 
nels of communication was observed in one experiment. 


SUMMARY AND GENERAL REMARKS 

Congenital arteriovenous fistula is a very rare condition 
but a definite clinical syndrome, which has been confused 
in the past with other congenital anomalies of the blood 
vascular system, such as aneurysm by anastomosis, cirsoid 
aneurysm, naevus maternus, pulsating naevus and venous 
aneurysm. It would seem that there are two outstanding 
general types of congenital arteriovenous fistula depend- 
ing entirely on the anatomical structure of the anastomos 
ing vessels. One type is that exemplified by our case, 
(Case XIX) in which there is a lateral anastomosis form- 
ed by small vessels communicating between an artery and 
an accompanying vein, without interrupting the con- 
tinuity of either of the main vessels. In the other type 
there is more of a direct, or end-to-end, anastomosis be- 
tween one or more arteries and a plexus of large venous 
sinuses in which the continuity of one or both vessels is 
interrupted in the formation of the anastomosis. This 
type of arteriovenous fistula is illustrated in Cases IV and 
V. Of course, there will always occur cases intermediate 
between these two distinct types, as Cases III and VI 
demonstrate, and no sharp classification will suffice to 
include the numerous anomalous conditions which it 
would be possible to have formed in the development of 
the blood vascular system. Nevertheless, it would seem 
that these cases represent two distinct types and that 
other cases of congenital arteriovenous fistula will ap 
proximate one or the other. 

The clinical manifestations of these two types of con- 
genital arteriovenous fistula are practically the same 
with the exception that there seems to be a much more 
rapid progression of the dilatation of blood vessels in the 
immediate environment when the end-to-end type of 
fistula, rather than the lateral, is present. 

There are certain effects, both local and general, which 
an arteriovenous fistula has on the circulation. A great 
deal has been written upon this subject by many com- 
petent observers who have studied more especially cases 
of acquired arteriovenous fistula. Our case (Case XIX) 
and Cases I, III, 1V, V and VI show that in every respect 
except one there were manifested exactly the same clinical 
and pathological physiological findings in the congenital 
as in the acquired arteriovenous fistula. 


It will be noted in the above cited six cases that (1) 
there was enormous dilatation of the artery proximal, and 
reduction in its size distal, to the fistula; (2) there was 
marked proximal and distal dilatation of the veins; (3) 
the fistulae varied in size from 0.25 cm. to 3 em. in diam. 
eter; in all except Case III they were multiple, and 
were situated at various distances from the heart; (4) 
the blood pressure changes were quite pronounced when 
the fistulae were closed, the systolic and diastolic moving 
up at least 20 to 30 mm. and the pulse dropping about 20 
to 30 beats per minute; (5) there was a definite hyper. 
pnoea when at rest; (6) there were infiltration and 
oedema of the parts distal to the fistulae, together with 
increased growth of the epiphysis last to unite. In none 
of the cases, however, was there the slightest evidence of 
an enlargement of the heart. It seemed to us very interest- 
ing that the congenital and acquired cases should exactly 
resemble each other in the most minor details but that 
in the congenital arteriovenous fistulae no affection of 
the heart whatever should be found. The duration of the 
disturbed vascular mechanism varied from ten to thirty- 
five years, and in this time the system of artery, fistula 
and vein had undergone a marked dilatation. It would 
seem, then, that the heart did not, at least in the congeni- 
tal cases, take part in this general dilatation. The size 
of the fistulae in Cases [IV and V was almost 3 em. in 
diameter, while the size of those in our case varied from 
0.25 to | cm., so that apparently the size or position of the 
fistulae has no effect on the dilatation of the heart. 


In going over a number of cases of other pathological 
and anomalous conditions of the blood vascular system, 
we have found that any leak of arterial blood from the 
stream bed, no matter what its cause, is productive of a 
systolic murmur heard best over the precordium and at 
the base of the heart, but not transmitted. This murmur 
is in no sense an indication of any myocardial insuff- 
ciency. Murmurs of this type were heard in all the 
above cited cases. 

The fact that the cases are congenital should not pre- 
clude the possibility of the necessity or ability of com- 
pensation on the part of the heart, for if the necessity were 
present, the heart would respond as in the cases of con- 
genital coarctation of the aorta, a condition in which there 
occur enormous hypertrophy and dilatation of the heart. 
One might aver that the hyperpnoea exhibited in our case 
was a sign of a low grade insidious myocardial insuff- 
ciency With a passive pulmonary congestion, but this 
hyperpnoea is probably due to a less perfect tissue oxy- 
genation than the normal, for, as shown by Lewis and 
Drury,** there is a decreased CO, content of the alveolar 
air resulting from the mixture of arterial and venous 
blood coming to the lungs. Hence, a systolic murmur 
heard at the apex of the heart and a hyperpnoea cannot be 
considered (in these cases) as evidence of a_ failing 


myocardium. 
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Thus, we have in these five cases of congenital arterio- 
yenous fistula an experiment already performed for us by 
Nature with all the characteristic sequelae found to ob- 
tain in an acquired arteriovenous fistula, and yet no sug- 
gestion of enlargement of the heart. This evidence, we 
think, when taken together with the fact that less than 
forty per cent of the cases of acquired arteriovenous fistula 
show enlargement of the heart, must make us at least 
cautious in attributing the cause of the cardiac enlarge- 
ment to the arteriovenous fistula itself when there may be 
other conditions present that might well account for 
cardiac hypertrophy and dilatation. 

In consideration of the mode of development of the 
blood vascular system, and in view of the fact that in one 
experiment an arteriovenous fistula was observed in for- 
mation, we feel that congenital arteriovenous fistula 
occurs as a result of a persistence of vessels or communi- 
cations of the primary vascular anlage, which, failing to 
develop into the normal definitive vascular tree, results 
in the formation of anastomotic channels either directly 
or indirectly between otherwise normally developed ar- 
terial and venous trunks. 


In this series of cases and experiments a number of 
types of congenital aneurysmal tumor have been demon- 
strated and we feel that these cases and experiments 
prove beyond question that a congenital blood vessel 
tumor may take its origin in embryonic life from the 
developing blood-vascular tree. The type of aneurysmal 
tumor which shall develop depends entirely upon the tis- 
sue making up its constituents. It may be an arterial 
tumor, as shown in Cases VII and XV, it may be purely 
venous, as evidenced by Case XII, or it may be an arterio- 
venous tumor, a combination of both arterial and venous 
constituents with anastomoses between them. If purely 
capillary, it will fall into the group of haemangiomata 
such as the telangiectatic or even the cavernous. They 
are all the result of the persistence of some part of the 
primary embryonic vascular anlage which has come down 
into adult life and they are not at all of the nature of a 
neoplasm. These abnormal channels may lie latent for a 
number of years before opening up, and when they do be- 
come patent, the type and number of anastomoses present 
directly determine the future course of the aneurysmal 
tumor. The foregoing cases demonstrate that in an ar- 
teriovenous fistula, if the arteries run directly into the 
veins, the enlargement of the tumor is much more rapid 
than when the artery and vein are connected only by small 
communications. The hydrodynamical factors such as 
the amount, rapidity and direction of the flow of the 
blood, together with the intravascular tension, are wholly 
responsible for the increase in size of the vessels and thus 
of the tumor. In the cases in which it was possible to 
study microscopic sections there was not the slightest 
Suggestion of a new growth of blood vessels in the sense 
of a neoplasm. 


| 
| 
| 
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The close association of haemangiomata with congenital 
arteriovenous fistulae is shown by Cases XIII and IX, 
and we feel that the etiology of the two conditions is the 
same, i.e. a persistence of the embryonic type of vascular 
channels. A great part of the confusion of the early 
authors probably arose from their inability to distinguish 
between arteries and veins in these arteriovenous tumors, 
as the veins are thicker than normal and carry arterial 
blood. We feel that an effort should be made to classify 
these congenital aneurysmal tumors more accurately and 
this can easily be done if they are properly studied. 

The terms now in vogue are misleading and unintelli- 


gently used. If the congenital aneurysmal tumors are~ 


classified in regard to their etiology and thus the type of 
vessels composing them, under three main headings such 
as (1) congenital venous aneurysm, (2) congenital 
arterial aneursym, and (3) congenital arteriovenous 
aneurysm, a very simple and easily understood nomen- 
clature will be instituted. Any one of these three can 
be modified under such headings to suit any given case. 
The capillary tumors could be left under haemangiomata, 
cavernous and teleangiectatic, as they are at present clas- 
sified by our most modern pathologists. Naevi have been 
defined by MacCallum and others as tumors of epithelial 
origin containing pigmented cells called naevous cells. 
These may at times be somewhat vascular but never to 
the extent of an aneurysmal tumor, so that it is incorrect 
to speak of a pulsating naevus, or refer to a haemangioma- 
tous tumor as a naevus. The terms, aneurysm by anasto- 
moses and cirsoid aneurysm, have been so loosely used 
that any number of different blood-vessel tumors have been 
described under those headings, so that their meaning 
today has very little significance and they are not satis- 
factorily defined in any textbook on medicine, surgery or 
pathology. We make this plea for the adoption of a simple 
definite nomenclature in order to stimulate a more care- 
ful study of these aneurysmal tumors and also to aid in 
clarifying the future literature. 

I wish to thank Dr. J. M. T. Finney for the opportunity 
of having charge of the patient whose case I have reported 
and also the Carnegie Institute of Embryology for per- 
mission to use the drawings of Dr. Wollard’s specimens 
of the development of the subclavian artery and vein. I 
am greatly obligated to Dr. Florence R. Sabin for the 
benefit of her most important observations concerning 
which she has so kindly written me. 


CONCLUSIONS 

1. Congenital aneurysmal tumors may arise from either 
the arterial or venous plexus of the primary vascular 
anlage, or there may be a combination of both arterial and 
venous, resulting in (1) congenital venous aneurysm, (2) 
congenital arterial aneurysm, and (3) congenital arterio- 
venous aneurysm. 

2. Congenital arteriovenous fistula is a definite clinical 
syndrome consisting of two types; in one of these, the 
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continuity of the main vessels involved is not interrupted 
in the formation of the anastomosis; in the other, there is 
an interruption of the continuity of the main vessels form- 
ing the anastomosis. 

3. All congenital blood-vessel tumors are due to a per- 
sistence of embryonic vascular channels and are in no 
sense of the nature of a neoplasm. 

4. The close association of haemangiomata and con- 
genital arteriovenous fistulae is striking and very sug- 
gestive that the etiology of them is the same. 

5. The majority of cases of congenital arteriovenous 
fistula will be found to have multiple fistulous communi- 
‘ations. These may lie latent for years before opening 
and becoming patent. 

6. The local and general effects on the blood vascular 
system in congenital and acquired arteriovenous fistulae 
are similar in all respects, with the exception that there 
is no evidence of cardiac enlargement in the congenital 
cases. 

7. A systolic murmur heard over the precordium oc- 
curs in any condition in which there is a leak of blood 
from the arterial system and is not an indication of 
cardiae dilatation or myocardial insufficiency. 

8. The injected pig embryos prove that the develop- 
ment of the blood-vascular system is from a uniform 
capillary network or anlage rich in anastomoses, offering 
ample opportunity for the formation of an arteriovenous 
fistula. 

9. The persistence of one of these communications be- 
tween well developed arterial and venous trunks was 
caused by irritation, forming a true arteriovenous fistula. 

10. Irritation of these endothelial elements, in vivo or 
in vitro, causes an abnormal development and growth. 

11. In the area vasculosa, capillaries, at first carrying 
arterial blood, become carriers of yenous blood, demon- 
strating that a capillary can function normally regard- 
less of the direction of the flow of blood. 

12. The diameter of an artery decreases in direct pro- 
portion to the number of its branches which have been 
obliterated and, vice versa, increases in direct proportion 
to the total diameter of its branches, dilatation or dimi- 
nution of the parent trunk occurring only up to the most 
peripheral branch affected, or in the case of a false open- 
ing, to the most distant opening or fistula. 

13. Complete interruption of the arterial and venous 
circulation results in a re-establishment of the arterial 
channels and flow before that of the venous. 

14. I desire to suggest for the time, that a simple 
nomenclature, as given under Conclusion 1, should be 
used, discarding the confusing and inaccurate terms such 
as aneurysm by anastomosis, cirsoid aneurysm, venous 


tumor and pulsating naevus. 
15. We feel that complete excision of the aneurysmal 
tumor is absolutely necessary to effect a complete cure. 


| 


16. The case herein reported is the first in the litera- 
ture of a patient with a congenital arteriovenous fistula 
successfully operated upon and cured by operation; it is 
the only case in which multiple fistulous communications 
have been demonstrated by actually dissecting them out 
and exposing them at operation; and the only case in 
which there has been demonstrated lateral communication 
between an artery and a vein. 
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Fig. 2.—Electrocardiogram essentially normal, 


Fig. |..—Profile of patient showing definite tumor 
i just below lobe of left ear. Note marked acne slight delay in intraventricular conduction time. iq 
vulgaris. 
4 


Beginning dissection of neck; skin flaps and parotid gland retracted. 
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Fig. 4.—-External jugular vein dissected beneath platysma, common carotid artery exposed. 


Fig. 5.—-Common, external, and internal arteries dissected free; first posterior fistulous 


communication exposed. Note small size of internal carotid. 
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Fig. 7.—-Anterior fistulae plainly shown, also facial nerve. 


124 PLATE XLI 
‘ 
Fig. 6.—First, second, and third fistulae exposed. 
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Fig. 8.—Showing lateral suture of arterial wall and 
ligation of the remaining fistula, 
j 


Fig. | One week «after operation, showing induration of Fig. 10.-—-Photograph of patient three and one-half months 
left parotid gland and paralysis of left face after operation; slight keloid formation in scar; facial paralysis 


disappeared; acne much improved. 
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Aorta 


Fig. 11.-—Development, subclavian artery and vein. 
Pig embryo 6.5 mm. No. 1.—Seventh Seg. Art, with 
capillary network. Nos. 2 and 3.—-Coalescence of 
capillaries resulting in formation of subclavian artery 
and vein. Note persisting communications in No. 3 
between artery and vein. This also well shown in No. 
4. The typical development of an artery and vein 
from the primary capillary network to the well formed 
trunk is well shown from No. 1 to No, 4. 
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XERODERMA PIGMENTOSUM 
A CLINICAL AND PATHOLOGICAL REPORT OF ONE CASE 


By Arnovp R. Ricu 


Department of Pathology 


and 


C. Davison and Cart H. GREENE 


Department of Pediatrics 


(The Johns Hopkins University and Hospital, Baltimore) 


H. M., No. 28775, male, aged four and a half years, was 
admitted to the Harriet Lane Home of the Johns Hopkins 
Hospital, May 27, 1921. 

Family History.—The father, aged forty-three years, 
and six of the eight children are living and well. The 
mother died of apoplexy at the age of thirty-six years. 
One child, a boy, died at the age of five years of a skin 
disease similar to that of our patient. This brother was 
well until the age of two years. A “seed wart” then ap- 
peared on his upper lip. This was “picked at” by the 
child. It became larger, finally forming a hole through 
his lip. The lesion steadily progressed over the face and 
neck, but did not involve the arms. Part of the growth 
was excised but new warts appeared on the old scar. The 
child died three years after the onset of the disease. His 
death occurred eleven years ago, seven years before the 
birth of our patient. There was no other history of skin 
disease in the family. 

Past History.—The patient was healthy and normal 
until the onset of the present illness at two years of age. 

Present Illness.—The boy was brought to this hospital 
with the complaint of “sores on the face.” These began at 
the age of two years, during the summer of 1919. Brown 
“freckles” first appeared in large numbers on the face. 
These gradually became pustular and exuded a purulent 
They then became encrusted and resembled 
The individual lesions then gradually 
increased in size and many of them coalesced. The con- 
dition also invelved part of the skin of the neck. Eight- 
een months after the onset (seven months before admis- 
sion to this hospital) one of these “warts” developed 
on the side of the nose, grew rapidly, and finally eroded 
part of that organ. The eyelids then became swollen and 
a purulent conjunctivitis developed. Because of the 
marked itching of the lesions, the patient has scratched 
them and caused them to bleed. During the six months 
preceding admission to the hospital large numbers of 
these brown freckles have appeared on the hands and 
arms and a few of them were noticed on the trunk and 
legs, but they have not ulcerated. The appearance and 


discharge. 
hard brown warts. 


progress of these lesions have been identical with Stel- 
wagon’s * description. 


Physical Examination.—May 27th, 1921, temperature 
97.6 F., weight 32 ibs., pulse 112, respirations 20. The 
patient was a well developed, moderately well nourished, 
blond white boy in no apparent pain or discomfort. The 
skin all over most of the body had a grayish-brown appear- 
ance due to a multitude of small freckles which were al- 
most completely confluent. The pigmentation was least 
apparent over the abdomen, buttocks and back, and most 
marked over those arcas that are usually exposed to sun- 
light, particularly the face, the neck, and the backs of the 
hands. The skin over the abdomen was smooth, soft, and 
rather dry. Over the arms and legs it was hard, slightly 
scaly, and very dry. On the back of the right hand there 
was a heavily pigmented wart-like nodule about 4 mm, in 


diameter. On the back of the neck were several similar 
but larger nodules. The surfaces of these had become 
ulcerated. Some exuded a foul purulent discharge; 


others were covered with a crust. There were twenty to 
thirty of these wart-like nodules on the face, the majority 
of which were ulcerated. They presented varying degrees 
of pigmentation. One particularly large ulcerated mass, 
the size of a marble, was situated just lateral to the outer 
‘anthus of the left eve and involved the lower lid. A sim- 
ilar though larger mass had eroded the greater part of the 
bridge and left side of the nose. The eyes were nearly 
closed by surrounding nodules and oedema of the eyelids. 
There was a thick purulent conjunctival discharge. In 
spite of this conjunctival involvement, the sclerae were 
clear and the vision was uhimpaired. The result of the 
remainder of the physical examination was negative. 

Laboratory Exraminations.—The white blood count was 
12,000 per cmm. of which 80° were polymorphonuclear 
and 20% were mononuclear cells. The intradermal tuber- 
culin tests with 0.1 mgm. and 1.0 mgm. of old tuberculin, 
the Wassermann test, and the urinary examination were 
negative. 


Progress Notes.—June 3, 1921: A small nodule was 
removed under local anaesthesia from the neck for micro- 
scopic study (see Pathological Report). 

June 10, 1921: Radium therapy was begun by Dr. Curtis 
F. Burnam and Dr. R. E. Fricke at the Howard A. Kelly 
Hospital. The entire face and neck were treated by ex- 
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posing successively sixteen areas of skin, each two inches 
square, for one and one half minutes, to 3551 mgms. of 
radium contained in a box two inches square. This was 
1 gram 
1 inch 
ly similar radium treatments were given on June 17th 
and 24th, July 8th and 15th, a total of five. It had been 
planned that the patient should be treated at weekly in- 
tervals, but his condition on July Ist necessitated the 
omission of the radium treatment scheduled for that date. 


equivalent to a dosage of for five minutes. Exact- 


June 15, 1921; The patient’s skin and general condition 
were unchanged. Four small pieces of skin containing 
various forms of the lesion, as well as one piece of appar- 
ently normal skin, were removed under ether for micro- 
scopie study. 

June 17, 1921: Second radium treatment administered. 
No immediate effect. 

June 24, 1921: The patient’s temperature had been 
100° F. since the first week after admission. He had 
complained of headache and had been listless for the past 
two days. The skin lesions on the face and neck ap- 
peared to be somewhat smaller and to exude less dis- 
charge. The third radium treatment was given. 

July 1, 1921: Since the last radium treatment, the 
patient’s temperature had been increasingly elevated, at 
times reaching 102° F. Radium therapy was omitted this 
week. 

July 8, 1921: The fourth radium treatment was given. 

July 15, 1921: During the past week the patient’s tem- 
perature had been irregularly elevated, though never over 
100.8° F. The skin lesions over the neck appeared to be 
slightly smaller. The fifth radium treatment was given. 

July 16, 1921: The patient’s temperature rose to 104.2° 
and he refused food. The results of the examination of 
the lungs, ears, and urine were negative. 

July 19, 1921: The temperature was still elevated and 
had assumed a “septic curve.” The nodules over the left 
and right eye increased in size and began to break down. 
That over the left eye resembled a punched out ulcer. 
Both eyelids were so oedematous that the eyes were com- 
pletely closed. The child complained of headache. Roent- 
genological examination of the head was negative. There 
was no involvement of the bones of the skull. 

July 21, 1921: The fever and refusal of food persisted. 
The necrotic areas on the face had gradually spread. The 
leucocyte count was 3000 per cmm., probably as a result 
of the radium therapy. 

July 25, 1921: The fever and lack of appetite continued. 
The ulcerations on the face had increased in size and had 
a very offensive odor in spite of the use of Dakin’s solution 
and other local antiseptics. It was necessary to place 
the child in a dark room because of photophobia. The leu- 
cocyte count was 4,500 per cmm. The differential count 
was: polymorphonuclears 75 per cent, eosinophiles 1 


per cent, small mononuclears 19 per cent, large mononu- 
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clears 3 per cent, transitionals 2 per cent. No abnormal 
cells or nucleated red blood cells were present. 

July 28, 1921: The fever was slightly lower. There was 
a marked conjunctivitis but no ophthalmia. The cornea 
was clear and vision possible. The lids were almost en- 
tirely destroyed by ulcerations. The child still refused 
food. 

August 1, 1921: The patient died today. 


CLINICAL DISCUSSION 


This case report of xeroderma pigmentosum illustrates 
three interesting clinical features. First, the disease both 
in this patient and in his older brother developed at the 
age of two years. This is the age at which children usu- 
ally commence to remain out of doors in the sunlight for 
the greater portion of the day. Second, the lesions were 
especially prominent in the areas usually exposed to sun- 
light, namely, the face, neck, and backs of the hands. 
Third, the course of this case demonstrated the unfavor- 
able influence of radium therapy except for a transitory 
improvement after the second and fourth treatment. 
From a theoretical standpoint, if sunlight is responsible 
for the localization of the lesions, it is conceivable that 
Roentgen rays and radium might aggravate instead of 
alleviate the condition. However, because of Rouviére’s * 
report of the favorable influence of Roentgen rays on this 
otherwise hopeless disease, we felt justified in attempting 
this type of therapy as a last resort. Because of the 
greater facility in controlling the dosage, we used radium 
instead of Roentgen rays. 


PATHOLOGICAL Stupy 


The autopsy, No. 6654, performed by Dr. M. G. Smith, 
revealed no lesion of any importance which was not ob- 
vious during life. The gross appearance of the skin 
lesions has been described above and will not be re- 
described here. The anatomical diagnosis was: Xeroder- 
ma pigmentosum. Atrophy and diffuse pigmentation of 
skin, with nodular, cornified overgrowths of epithelium 
and freckle-like pigmentation of face, forearms and neck. 
Ulceration of several epithelial tumors of face and neck. 
Atrophy of thymus. 

No lesion was found which could be regarded as the 
immediate cause of death. All of the internal organs ap- 
pear normal both on gross and microscopical examina- 
tion, with the exception of the lymphoid tissues. The 
thymus is scarred and much more atrophic than the age 
of the child would lead one to expect. It is possible that 
this may represent a result of the radium therapy. The 
spleen is poor in lymphocytes and the Malpighian bodies 
are indistinct. There is an absence of germinal centres 
in the four lymph glands examined microscopically, Hy- 
poplasia of all lymphoid tissues in xeroderma pigmento- 
sum, with reduction of the lymphocytes of the blood, has 
been described by Councilman and McGrath.’ In this 
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case the differential white count was normal. 
tases from the skin tumors were found anywhere in the 
body, but it should be stated that the cervical glands could 
not be carefully explored because the autopsy permission 
limited the incision to the abdomen only, and the thoracic 
consequently to be removed 


No metas- 


and cervical organs had 
through the diaphragm. 

Besides the tissue obtained at autopsy, the microscopic 
study of every important manifestation of the skin lesions 
was made possible ‘by the surgical removal of six small 
pieces of skin from different regions during life, one (Spe- 
cimen VII) before and five several days after the com- 
mencement of radium therapy. A number of sections in 
serial were cut from each specimen and stained with hem- 
atoxylin and eosin, Van Gieson’s connective-tissue stain, 
and Verhoef’s elastic-tissue stain. A description of these 
specimens follows: 

Specimen 1.—A piece of skin from the right buttock, 
chosen because it appeared at the time of removal to 
represent perfectly normal, unpigmented, smooth, elastic 
skin. There had been no radium applications in this 
region. Microscopically, certain abnormalities are ap- 
parent. 

The horny layer is not especially thickened. The stra- 
tum granulosum is perfectly distinct, forming a layer one 
or two cells deep just beneath the cornified surface. In 
the spinal-cell layer, scattered among the regularly ar- 
ranged, normal-appearing cells, one finds cells which ap- 
pear to be undergoing disintegration. There is a vacuol- 
ization of the nucleus with a clumping together of all its 
chromatin particles into a single mass, so that the nuclear 
membrane appears as a sharply outlined circle entirely 
empty save for an eccentrically situated pyknotic clump 
of chromatin. The cytoplasm of some of these cells ap- 
pears little altered and their intercellular processes re- 
main prominent. In other cells the cytoplasm has become 
vacuolated and the spinous processes have been lost, so 
that all that remains is an empty shell of a cell containing 
an irregular clump of nuclear material. Such cellular 
changes can be found in normal skin, but they appear 
considerably more prominent in these sections, especially 
in and near the basal layer, although they are found even 
in the stratum granulosum. 

In many places the cells of the basal layer appear 
normally arranged in palisade fashion with a sharp 
margin between them and the corium. But in other 
places the boundary between the two layers is a ragged 
one, and besides the vacuolization described above, one 
finds basal cells which have long, rod-like, intensely 
pyknotic nuclei quite different from the oval clear nucleus 
characteristic of the basal cell. Furthermore, isolated 
epithelial cells with normal enough nuclei, as well as 
vacuolated cells of the type already described, lie scat- 
tered irregularly in the corium beneath the basal epithe- 
lial layer which is often rather ragged in such areas. It 


appears very much as though these deserted cells had. 
dropped off the basal layer and had fallen into the corium. 
This separation of basal cells from their fellows is so 
prominent a feature in the sections showing atrophy of 
the epidermis, that it is difficult to escape the impres- 
sion that already in this particular piece of’ relatively 
normal skin we are witnessing the onset of atrophy. In 
such areas connective-tissue stains show that there is no 
longer a sharp margin between epithelium and connective 
tissue; delicate strands of connective tissue push their 
way between the separated cells of the basal layer. 

Fine granules of golden-brown pigment can be found 
within some of the cells of the basal layer, and in regions 
«where epithelial cells lie isolated in the corium, clumps 
of this pigment can be found lying free in the connective 
tissue about them or within phagocytic cells which tend 
strikingly to group themselves about the capillaries. It 
is only very rarely that a true dendritic chromatophore 
can be found. The pigment in this specimen, as in all of 
the others to be described, is insoluble in ordinary fat 
solvents and alkalies, and does not give the Prussian: blue 
reaction for iron. It is therefore to be classed with the 
ill-defined “melanin” pigments. 

The structure of the corium is not altered. The normal- 
appearing papillae are well supplied with capillaries, the 
connective tissue is normal enough in appearance and 
there is no abnormality in the amount or distribution of 
the elastic fibres. The sweat and sebaceous glands, and 
hair follicles show nothing unusual. There is no trace of 
any inflammatory cellular infiltration. 

In this specimen therefore, which appeared grossly to 
be quite normal skin, there are certain cellular changes 
which suggest a beginning atrophy of the epidermis, with 
a coincident increase in the amount of melanin pigment 
within the epithelial cells and in the corium. 

Specimen 11.—A smooth, shiny, atrophic-looking, lightly 
pigmented piece of skin taken from the abdomen at au- 
topsy. There had been no radium applications in this 
region. 

Microscopically, this skin shows an extreme degree of 
atrophy. In many places the epidermis is thinned out to 
a layer not more than two cells deep, while here and there 
the entire epithelial layer is represented by a stretch of 
only a single row of cells. Everywhere the arrangement 
of the cells of the epidermis is completely disorganized. 
No longer can one distinguish the basal layer from the 
spinous layer. The stratum granulosum has entirely dis- 
appeared. All of the cells appear rounded, irregularly 
placed, and only very rarely retain their intercellular 
processes. Vacuolization and “desquamation” of epi- 
thelial cells into the corium, such as has been described in 
the preceding specimen, are here most strikingly common. 
Melanin pigment in fine and coarse granules is found 
within many of the epithelial cells. Much of the pigment 
also lies free in the corium or in large clumps within 


103 
nal 
ras 
lea 
| 
ed 

| 

| 

| 
th | 
he 
or 
re 
n- 
Is. 
ry 
it. 
le 
at 
of 
is 
ig 
m 
n 
| 
r- 
rf 
e | | | 
e | 
e | | 
t | 
e | 
s 
s | 
| 


288 JOHNS HOPKINS HOSPITAL BULLETIN 


rounded phagocytic cells about the small blood vessels. 
True branched chromatophores containing finely divided, 
evenly distributed pigment are very rare. 

The blood vessels of the corium are numerous enough 
and normal in appearance. There is no suggestion that 
the atrophy has followed a reduction in the number of 
blood vessels. It is striking that special stains reveal no 
abnormality in the amount or distribution of the connec- 
tive-tissue and elastic-tissue fibers. The sweat and seba- 
ceous glands and hair follicles are atrophic. 

In summary, this specimen (Fig. 1) shows an extreme 
atrophy and disorganization of the epithelium with pig- 
mentation, but no noticeable change in the vascular, ¢on 
nective-tissue or elastic-tissue elements of the corium. 

Specimen I11.—A piece of skin from the neck, which 
includes a small wart-like exerescence about two milli- 
meters in height and, at a distance of a centimeter, a dark- 
ly pigmented portion of otherwise normal-appearing skin. 

Under the microscope it is at once obvious that, aside 
from the warty proliferation, there is a moderate atrophy 
of much of the remaining epithelium. The papillae are 
practically absent and there is one localized region in 
which the epidermis is thinned out to a layer only two or 
three cells deep. The horny layer is quite thick. 
The stratum granulosum remains, however, very distinct 
—indeed, more prominent than normal. In the less 
atrophic areas, densely staining granules of keratohyaline 
can be found throughout a depth of five layers of cells. 
The cellular changes described in the preceding sections 
are present throughout the specimen. There is abundant 
pigment in fine and coarse granules within the lower 
layers of the epithelial cells and the quantity of it par- 
allels fairly closely the degree of cellular degeneration in 
any area. In the part representing the more deeply pig 
mented region seen macroscopically, the pigment is in 
finely divided form within the epithelial cells, especially 
of the basal layer, but occasionally even in cells imme- 
diately below the stratum granulosum. 

Special stains reveal no abnormality of the elastic-tis- 
sue or connective-tissue fibres of the corium. The sweat 
and sebaceous glands appear normal. No hair follicles 
are seen. Pigment is present in great clumps lying free 
just beneath the epidermis and also within rounded mono- 
nuclear cells which tend to group themselves about the 
normally abundant capillaries. True chromatophores are 
very rare. 

The small warty growth appears microscopically as ¢ 
piling-up of the epithelial cells. As one follows the 
atrophied epidermis along, there appears suddenly a 
proliferation of the lowermost layers to form a small 
down-growth of spindle-shaped cells which have no inter- 
cellular processes. <A little further on, the spinous cells 
begin to proliferate, forming a wart-like growth which 
projects above the surface. This epithelial thickening 


gradually diminishes again until the width of the atro- 
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phied epidermis is once more reached. The entire growth 
lies easily in one lew power field (10 x ocular; 16 mm. 
objective). It is covered by a thick layer of cornified 
cells and in its upper layers is composed of large squa- 
mous cells with intercellular processes and a tendency to 
vacuolization of the protoplasm. Large granules of ker- 
atohyaline are present in many of the cells, and here 
and there clumps of pigment as well. Whorls of cells are 
found, but actual “pearl” formation is not seen. The cells 
in the lower layers of the growth are smaller, tend more 
to a spindle form, and their nucleus and cytoplasm stain 
more deeply. The intercellular processes are much less 
distinct than those between the larger cells above them. 
The margin against the corium is irregular and papillary, 
but always sharp; and the down-growths of cells hardly 
proceed below the level of the neighboring corio-epithelial 
margin. There are no elastic-fibre inclusions within the 
growth, and no mitoses are seen. There is a moderate in- 
filtration of wandering cells in the corium beneath the 
growth as well as an abundance of capillaries. In no 
respect does this little epithelial growth differ from what 
one might expect to find in a benign wart. 

In the same section there is another, much smaller 
proliferation of epithelium, which has quite the same 
characteristics except that it occupies less than half of a 
low power field, has a perfectly straight margin against 
the corium, and is made up entirely of large spinous cells. 

In this specimen, therefore, we find: (1) epithelial 
atrophy of varying intensity which becomes extreme in 
one localized region; (2) marked pigmentation; and (3) 
beginning proliferation of the epithelium in localized 
areas to form benign wart-like growths. 

Specimen 1V.—A piece of skin removed from the right 
cheek. This specimen included a small, slightly elevated, 
bright red area which became colorless on pressure, and 
quickly red again upon release of the pressure—one of the 
typical telangiectases so frequently described in this dis- 
ease. The nearby skin was pale, smooth, and had the ap- 
pearance of an old white sear. 

Microscopically, the epithelium is only mildly altered, 
the most striking change being a certain disorganization 
of the basal layer, so that in many places the cells are no 
longer oval and arranged in palisade fashion, but have 
become rounded, vacuolized, have lost their intracellular 
processes, and lie irregularly, forming a ragged boundary 
between epithelium and corium. Although there is no 
distinct atrophic thinning-out of the epithelial layer, the 
papillae are almost entirely absent. The sweat and se- 
baceous glands appear normal. Pigment is found within 
some of the epithelial cells. 

In this piece of skin it is in the corium that the most 
marked changes are found. Even in the ordinary hema- 
toxylin and eosin stains the connective tissue of this layer 
appears increased in amount and more dense than usual 
(Fig. 7), and this becomes very striking in the Van Gie- 
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son preparations. On examining the sections stained 
with Verhoef’s elastic-tissue stain, one is surprised to find 
that the elastic fibres have quite entirely disappeared save 
for a very few insignificant shreds which can be found 
here and there between the connective-tissue fibres on 
careful search. That the absence of the elastic fibres in 
these sections is a real one and not referable to a failure of 
the stain, is clearly proven by the fact that the elastic 
fibres within the walls of the subcutaneous arterioles 
stand out boldly, and wherever broken fragments are 
found within the corium, they are stained with perfect 
sharpness. The nerves appear normal. Pigment lies free 
in the tissue as well as within phagocytic cells. 

The blood vessels of the corium are not markedly al- 
tered in number or appearance except in the region of the 
telangiectasis described grossly above. This is found in 
sections (Fig. 3) to appear as a group of very much en- 
larged and widened capillaries lined with a delicate, 
normal-appearing endothelium and containing normal 
blood cells. They appear to represent a terminal dilata- 
tion of capillaries fairly clearly traceable to a small, 
normal-appearing arteriole in the tissue just below them. 
These dilated capillaries are confined to a very small 
region in the corium which, with the epithelium over it, 
projects slightly above the level of the epidermis on either 
side of it. 

In brief, this particular piece of skin shows only a very 
slight epithelial change, but a very marked increase in the 
connective tissue and an almost complete disappearance 
of the elastic fibres of the corium. <A typical, well defined 
capillary telangiectasis is also present. Pigment is pres- 
ent in the epithelium and corium. 

Specimen V.—A small warty excrescence five milli- 
meters in diameter and elevated about two and a half 
millimeters above the surface of the skin of the neck. 

Microscopically, one finds that the epidermis on either 
side of the little tumor shows no evidence of atrophy ex- 
cept in one very small area which is about one-seventh of 
a low power field in extent. In this area the squamous 
epithelium is distinctly thinned out, so that there remains 
a layer only four cells deep, immediately beneath which 
there is a disorganized and irregular group of epithelial 
cells undergoing disintegration. The epidermis elsewhere 
is not thinned out and the papillae are distinct. However, 
vacuolization of the cells is quite prominent and the cells 
of the basal layer contain much pigment. The sebaceous 
glands and hair follicles are normal. 

As one follows the epithelium along toward the tumor 
on either side, there is first encountered what appears to 
be an unusually prominent papilla, and then suddenly the 
transition into the cells of the projecting tumor occurs. 
The epithelial cells lose their intercellular processes and 
vary greatly in size and appearance. Some have very 
small, others very large, nuclei; all nuclei are, however, 
clear and vesicular with distinct nucleoli. Often the cyto- 


plasm is greatly increased in amount and has a hyaline 
appearance. The cells tend strongly to form whorls, some 
of which are partly hyalinized, but distinct “pearls” are 
not found. Mitoses are very rare. The surface margin 
of the growth-has a papillary arrangement, fingers of 
cells projecting above depressions between them. The en- 
tire growth is covered by a hyaline material in which 
irregularly scattered pyknotic nuclear fragments are 
plentiful. This substance fills the depressions between 
and covers the papillary projections, and is itself finally 
covered by a thick, regularly layered stratum corneum. 
The hyaline material between the stratum corneum and 
the living tumor cells undoubtedly represents a necrotic 
portion of the growth. The tumor extends into the corium 
somewhat beneath the normal corio-epithelial margin, 
but the outline of its base is fairly sharp and not papil- 
lary. However, in sections specially stained it is seen 
that the growth has not merely pushed the corium ahead 
of it, but has cut its way through it, for ruptured elastic- 
tissue and connective-tissue fibres are found at either 
side of the down-growth, and fragments of elastic tissue 
embedded within the tumor mark the path of its invasion. 
In the corium about the tumor, clumps of pigment lie 
sometimes free, sometimes engulfed in rounded phago- 
cytic cells. 

In the remainder of the section the corium appears 
normal. The elastic tissue is normally abundant and no 
increase or distortion of the connective tissue is evident. 
There is practically no inflammatory reaction about the 
tumor, but at one edge of the section there is a very 
minute infiltration of wandering cells just beneath the 
epithelium. 

This specimen shows, then, the development of a wart- 
like tumor with slight invasive properties in a portion of 
the skin in which only one minute localized patch of 
atrophy is found at some distance from the growth, and 
in which the corium is normal. 

Specimen V1I.—A fungoid, warty tumor, two centime- 
ters in diameter and ten millimeters in height, removed 
from the right temple. 

Microscopically, it is found that the epidermis on either 
side of the tumor is not at all atrophic. Papillae, sweat 
and sebaceous glands appear normal and the different 
layers of the epidermis are clearly distinguishable. How- 
ever, certain very interesting abnormalities are apparent 
on a closer study of this epithelium which appears normal 
on hasty examination. It is in the sections of this speci- 
men that the earliest changes concerned with tumor 
formation are found. In two different places in the epi- 
dermis (one on each side of the large tumor but both 
entirely separated from it by a stretch of normal epi- 
thelium) the squamous cells above the basal layer have 
begun to assume an appearance entirely resembling that 
of the cells within the warty tumors. They are greatly en- 
larged ; the cytoplasm is much increased in amount and 
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stains brightly pink; the intercellular processes are lost; 
and there is a definite formation of small whorls of cells 
resembling beginning epithelial pearls. So early is this 
process and so few are the cells involved in it that in one 
of these two areas there is practically no increase in the 
thickness of the epidermis, the small epithelial whorls 
lying embedded among normal-appearing prickle cells 
(Fig. 4). Below them, however, the cells of the basal 
layer are quite disorganized, and above this area there is 
an excessive amount of cornified epithelium. In the cor- 
ium beneath there is no inflammatory reaction, but there 
are clumps of pigment within mononuclear cells and also 
lying free. Masses of pigment are found within some of 
the abnormal, enlarged, epithelial cells, and especially in 
the basal layer where nuclear disintegration is present. 

In the other small area where an entirely similar pro- 
liferation and whorl formation of epithelial cells has 
begun, the thickness of the epithelial layer is increased 
by the growth to perhaps twice that of the surrounding 
normal epidermis. The basal layer is disorganized but 
there is no excessive keratinization above the stratum 
granulosum. No pigment is present within these epi- 
thelial cells or in the adjoining corium, but beneath the 
area there is an infiltration of mononuclear wandering 
cells and a proliferation of fibroblasts. 

The large tumor is found on microscopical study really 
to consist of two separate tumors arising so close to each 
other that they appear macroscopically to form a single 
mass. Between them there is a small stretch of normal 
epidermis. They do not connect at any point. 

he smaller of the tumors grows principally upwards, 
arising clearly from the squamous cells. The basal layer 
beneath the growth is disorganized in only one small 
region. The tumor cells are for the most part very large 
and pale, often retaining their intercellular processes. 
The cytoplasm is extensive and the nuclei, where well 
preserved, are oval, vesicular, and contain a nucleolus. 
Many of the nuclei are, however, shrunken into bizarre- 
shaped clumps of chromatin which lie often within a 
clear, vacuole-like space in the protoplasm. The epithe- 
lial cells do not form a solid sheet but, as can be deter- 
mined from serial sections, are arranged in irregularly 
anastomosing cords with areas of loose, vascular con- 
nective tissue between them. Each cord of spinous cells 
is bordered by a palisade of spindle-shaped cells which are 
quite like normal basal cells. Within the cords of squa- 
mous cells whorl formations, which have a slight tendency 
to become hyalinized, are common, but definite keratin- 
ized “pearls” are not found. The corium beneath this 


tumor is densely infiltrated with mononuclear wandering 
cells as well as polymorphonuclear leucocytes often of 
the eosinophilic type. Multinucleated giant cells are also 
to be found. There is no pigment either within the 
tumor or in the corium beneath it. 
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The larger tumor has a distinctly more malignant ap- 
pearance. Arising also from the squamous cells, it 
promptly breaks through the basal layer and, sending 
its finger-like prolongations downward, entirely destroys 
the corium and invades the subcutaneous fat. It is made 
up of very much the same kinds of cells as the smaller 
tumor, but here the basal-like spindle cells which border 
the cords of flat cells have begun to proliferate inordi- 
nately in many places and to reproduce their type to such 
an extent that they are clearly overgrowing and destroy- 
ing the cords of squamous cells. In these more rapidly 
growing spindle-shaped cells mitoses are common, where- 
as they are scarcely to be found in the cords of squamous 
cells. The spindle cells of the tumor, although resembling 
very much the basal cells of the normal epidermis, do not, 
however, arrange themselves in the sharply demarcated 
fashion characteristic of Krompecher’s “basal-cell can- 
cer,” bat present a ragged infiltrating edge to the sur- 
rounding corium. 

Elastic-tissue stains show a breaking up of the fibres in 
the corium by the infiltrating tumor, and on one side of 
the growth the corium contains distinctly fewer elastic 
fibres than normally. 

This specimen shows, therefore, in a rather remarkable 
way, four epithelial tumors of distinctly independent ori- 
gin which range in size from a very small proliferation of 
only a few cells, through a large benign wart to, finally, 
a larger malignant, invasive epithelioma (Fig. 10). There 
are abnormal deposits of pigment. 

Specimen VII.—A small warty nodule removed from 
the neck before radium therapy was begun. 

Microscopically, there seems to be a distinct tendency 
of the surface epithelium to become necrotic, for small 
areas are found in which the cells throughout the entire 
thickness of the epidermis are pale and contain disin- 
tegrating nuclei. Beneath such regions there are abun- 
dant capillaries; the necrosis cannot be referred, there- 
fore, to lack of blood supply. In one place there is a 
complete loss of epithelium, leaving a superficial ulcer 
with a fairly clean base but in which polymorphonuclear 
leucocytes and mononuclear cells abound. On one side 
of this small ulcerated area the epithelium, while quite 
thick, is nevertheless normal in appearance. But on the 
other side, as one moves away from the ulcer, the down- 
ward projections of the epithelium soon become very much 
exaggerated and arborized, so that the epidermis is con- 
verted into a thick, entirely irregular growth of squa- 
mous cells bordered by palisades of deeply-staining basal- 
like cells. Whorl formation of the squamous cells is 
common and true hyalinized epithelial pearls are plenti- 
ful. The horny layer is thickened and is represented in 
one place by about a dozen epithelial pearls which have 
been extruded to the surface (Fig. 9). Pigment is not 
very conspicuous in this specimen. 


| 

| 

I 

s 

i 

t 

t 

( 

t 

I 

t 

| ( 

d 

t 

I 

( 

j I 

t 

| 

| ¢ 

] 

I 

t 


SepTeMBER, 1924] 


JOHNS HOPKINS HOSPITAL BULLETIN 291 


The corium presents a rather remarkable appearance. 
With the exception of a small portion at one end of the 
specimen which appears to be fairly normal, the entire 
corium is replaced by a dense new growth of apparently 
young connective-tissue cells which have oval vesicular 
nuclei and are arranged in swirls and interlacing bundles, 
so that the appearance of entire low power fields is quite 
indistinguishable from that of a spindle-cell sarcoma or 
fibroma. This connective-tissue mass extends into the 
subcutaneous fat to a distance of about a centimeter from 
the epithelium against which its upper margin abuts. 
There are often small infiltrations of polymorphonuclear 
leucocytes and mononuclear cells, chiefly of the lympho- 
cytic variety, about the abundant blood vessels in the 
connective-tissue growth. There are also occasional mul- 
tinuclear giant cells about the epithelial tumor. Embed- 
ded in the growth of connective tissue there are remnants 
of what appear to have been sweat glands, cut across by 
the proliferating connective tissue and compressed into 
mere strands of epithelial cells. This connective-tis- 
sue proliferation bears no resemblance to granulation 
tissue or to cicatrization. Its arrangement is completely 
disorderly and capricious (Fig. 11). It replaces the 
corium even beneath the stretch of normal epithelium 
described above. In most places the growth ends abruptly 
when it comes into contact with the basal layer of the 
epithelium. However, it is not encapsulated, and it forms 
the base of the ulcer described above. It is no longer 
possible to determine whether the growing connective 
tissue has actually destroyed the epithelium in this area. 
No mitoses are found. 

In summary, this specimen shows a rather invasive 
epithelioma and a replacement of the corium by a fresh 
growth of connective tissue which, because of its purpose- 
less, disorderly and invasive character, appears to repre- 
sent a true connective-tissue tumor. 


PATHOLOGICAL DISCUSSION 


-Xeroderma pigmentosum is a rare and _ interesting 
malady which offers in the different forms of its lesions an 
opportunity to study the development of atrophy, ab- 
normal pigmentation, and of benign and malignant 
tumors, all provoked apparently by the irritative action 
of light rays upen congenitally susceptible skin, The con- 
dition, aside from its obviously congenital nature, prob- 
ably has much in common with seaman’s cancer, pellagra, 
hydroa aestivalis, and also, perhaps, with the cutaneous 
lesions produced by X-rays and radium, and indeed with 
ordinary sunburn and freckles. All of these appear to be 
conditions in which skin lesions of varying intensity are 
produced by the action of radiant energy. Abnormal pig- 
mentation is common to them all, 

The Pigmentation.—The increase in the amount of pig- 
ment in every specimen examined makes it evident that 
this must be the most common and earliest microscopic- 


ally recognizable disorder occurring in xeroderma pig- 
mentosum. It is customary to speak easily of the protec- 
tive function of pigment deposits in the skin—to assume 
that pigment is attracted to the epidermis in order to 
shield the tissues from noxious light rays (Orth, Council- 
man, and others). But a careful study of the cutaneous 
pigment deposits in this case does not lead to such a tele- 
ological explanation. It is impossible to escape the im- 
pression that there exists a close parallelism between 
cellular damage and the appearance of the pigment. 
Especially in the places where cellular disintegration is 
severe and epithelial cells lie “desquamated” in the cor- 
ium does one find pigment within the disordered cells and 
then clumps of pigment lying free in the corium, appar- 
ently the only remains of disintegrated cells. This pig- 
ment is afterward ingested by wandering scavengers and 
one finds these cells with their burden crowding around 
the capillaries (Figs. 5,6). It is true that pigment is also 
found within epithelial cells which appear otherwise 
quite normal, but it well may be that the presence of the 
pigment is itself one of the earliest recognizable signs of 
cellular damage. That the pigment is not carried to the 
epithelium by other cells seems certain. True chromato- 
phores were rarely found even in the most deeply pig- 
mented regions. From the point of view of the epithelial 
cell, the pigment is endogenous; and because of its appar- 
ent association with cellular injury, the pigmentation in 
this disease might be regarded as a “pigment phanerosis” 
(comparable in a way to the well recognized fat phan- 
erosis) indicating that as a result of an injury certain 
metabolic products take the visible form of pigment. 
The fact that iron-free pigment may appear in parenchy- 
matous cells undergoing autolysis,’*'* and also in the 
epithelial cells of skin removed from the body and then 
exposed to heat or to light rays ‘*’*® may be offered in sup- 
port of this interpretation. Even in the case of freckles 
or sunburn such an explanation has more in its favor than 
the “protective” theory in any of its forms. In the case 
under discussion, at all events, there is rather clear evi- 
dence that the pigment is formed in situ within the in- 
jured epithelial cells, and that subsequently to their dis- 
integration it is carried away by wandering phagocytes. 
The absence of dilated blood vessels in every specimen 
except the one containing a telangiectasis seems to ex- 
clude in this case the frequently assumed relation between 
increased blood supply and hyperpigmentation (Hueck). 
The statements of Neisser® that pigment is rarely found 
in the corium in xeroderma pigmentosum and of Unna‘ 
that it is never found near the smaller blood vessels by 
no means hold in the present case. Many authors ( Neis- 
ser, Pick, Pollitzer, Rouviére) write that in the “stage of 
atrophy” pigment is no longer to be found. Many of the 
sections from this case, however, do show marked pigment 
deposits in and beneath the atrophied epithelium. In 
other sections pigment is inconspicuous in atrophic re- 
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gions. We would ascribe any absence of pigment in the 
most atrophic regions to the fact that it has already been 
liberated from the disintegrating epithelial cells and ear 
ried off by phagocytes. 

The Atrophy.—As to the cause of the epithelial atrophy, 
the present study strongly suggests that it is not so much 
a true atrophy as a thinning out of the epithelium be- 
cause of the death of many injured cells. However, it is 
difficult to discuss the matter of cutaneous epithelial 
atrophy, for the process of thinning of the epithelium in 
ordinary senile atrophy is by no means clearly under- 
stood. Certainly, the statement (Pollitzer) that it is an 
atrophy dependent upon an obliteration of the small 
papillary blood vessels finds no support whatever in the 
The blood vessels of the corium are quite 


present case. 
It is only 


normal beneath most of the atrophic areas. 
when the corium is involved independently in a scarring 
process that its vascular supply is diminished. Nor is 
the epithelial atrophy dependent upon or always ac. 
companied bygrhanges in the connective-tissue or elastic 
tissue sal of the corium. In this case we have had 
ample opportunity to examine all degrees of atrophy, from 
very small localized patches to the most extensive loss of 
epithelium, and it is certain that in this disease there 
need be no relation between changes in the elastic-tissue 
and connective-tissue elements of the corium and the 
development of epithelial atrophy. 

The degree of thinning out of the epithelial layer can 
not always be foretold by the macroscopic appearance of 
the skin. Thus, for example, in Specimen IV we expected 
to find the most extensive atrophy, for macroscopically 
the region was pale, smooth, and had the appearance of 
an old white scar. But microscopically the epithelium 
was practically normal in thickness, while the corium 
was dense with connective tissue and had lost its papillae 
and elastic fibres. This specimen corresponds exactly 
with one described by Orth,’® which led him to the con- 
clusion that the cutaneous atrophy in xeroderma pigmen- 
tosum does not consist in a true diminution in the thick- 
ness of the epithelial layer but rather in a hyperplasia 
of the corium connective tissue. Loéwenbach also writes 
that marked epithelial atrophy never occurs in this dis- 
ease.’ Such sections as Figs. 1 and 2 show immediately 
that these statements are incorrect. The most extreme 
thinning out of the epithelium may occur. Orth and 
Loéwenbach were merely describing one of the many differ- 
ent forms of the lesions which are found in this disease ; 
i. e., a region which gives the impression macroscopically 
of advanced atrophy but which is found microscopically 
to be the result of scarring of the corium rather than 
atrophy of the epithelium. 


The Corium Changes.—The first radium treatment had 


been administered five days before most of these speci- 
mens were obtained, and while it would be quite impos- 
sible to ascribe the more outstanding and chronic changes 


in the corium to the effects of the radium, the interpre. 
tation of the inflammatory cellular infiltrations must 
remain doubtful. It will only be remarked here that in. 
flammatory infiltrations were inconspicuous throughout 
these specimens except about the margins of the larger 
tumors, beneath superficial ulcerations and in the sub. 
stance of the connective-tissue growth (Specimen VII). 

It is clear from the above descriptions that changes jn 
the corium occur in localized areas, reaching an extreme 
degree in some places and being absent altogether jn 
other areas. The changes consist especially in an increase 
in the connective tissue and a decrease in the number of 
elastic fibres with obliteration of the papillae and loss of 
the delicate loose connective tissue immediately beneath 
the epithelium. 

These corium changes seem to be entirely independent of 
epithelial changes. The epithelium may be the seat of 
extreme atrophy (Specimen II) or of tumor growth 
(Specimen III) above a portion of the corium which has 
a normal content and arrangement of connective tissue 
and elastic fibres while, on the other hand, the corium 
lying beneath quite normal epithelium may be converted 
into a dense cicatricial tissue with a total loss of papil- 
lae and elastic fibres. This is important to recognize be- 
cause SO many writers have attempted to make cicatriza- 
tion of the corium responsible for the epithelial changes 
occurring in this disease. 

The scarring of the corium probably represents the end 
result of the violent inflammation which occurs when the 
subjects of this malady are first exposed to bright sun- 
light (in the so-called “stage of erythema”). Unfortu- 
nately, we were unable to study the present case during 
that stage, and consequently this must remain only a 
supposition; but it seems much more probable than the 
idea that there occurs an actual “hypertrophy of the cor. 
ium connective tissue” (Orth). 

The Tumors.—Al\though we possess a gross hint as to 
the immediate exciting cause (sunlight), still the over- 
proliferation of cells which leads to the formation of be- 
nign and invasive tumors remains as mysterious in this 
disease as in the case of any neoplastic growth. In the 
present case in spite of the unusual opportunity to study 
tumors from the most minute benign proliferations involy- 
ing only a few cells to large true invasive epitheliomata, 
no light whatever can be thrown upon the conditions be- 
hind the process. The frequent development of epithelio- 
mata in the atrophic skin of old persons, and the fact 
that epithelial “atrophy” is a characteristic of the skin 
of persons suffering from xeroderma pigmentosum and 
seaman’s cancer immediately suggests that there may be 
some relation between epithelial atrophy and = tumor 
formation. This idea has occurred to many pathologists 
who have studied these conditions. Thus, Councilman and 
Magrath state: “We think on the whole that the evidence 
is that the epithelial growths follow upon and are de 
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pendent on the atrophy and other changes in the skin.” 
However, the most careful study of the present case fails 
to offer any evidence to support that possibility. It is 
true that tumors are found developing in atrophic regions, 
put just as many are found arising from epithelium which 
appears perfectly normal. Indeed, the smallest tumor 
observed, which undoubtedly represents the very begin- 
ning of abnormal epithelial proliferation (Specimen V), 
is found to be arising in the central layers of epithelium 
of normal thickness. This specimen allows us to be cer- 
tain that atrophy is not a necessary precursor of the 
tumor formation. 

All but one of the tumors observed in this case were of 
epithelial origin and composed chiefly of squamous cells, 
although, as has been seen, epithelial tumors composed 
of a mixture of squamous, spindle, and basal-like cells 
were encountered. 

Tumors of connective-tissue origin are rare in xero- 
derma pigmentosum. Indeed, when an observer occasion- 
ally reports finding a sarcomatous tumor in this disease, 
other writers hasten to cast doubt upon the statement and 
endeavor to maintain that the tumor in question must in 
reality have been derived from the epithelium rather 
than from connective tissue. If the certainty of its con- 
nective-tissue origin is established (as in the case of 
Pick’s tumor’) the matter is dismissed summarily as 
being merely a coincidental finding which had nothing 
todo with the disease.* 

However, in the present case we have, unquestionably, 
todo with a mildly invasive tumor of connective-tissue 
origin and it is quite probable that, had many more 
nodules been investigated, other connective-tissue tumors 
would have been found. Through the kindness of Dr. 
Bloodgood [T have recently had an opportunity to study 
sections taken from two other cases of xeroderma pig- 
mentosum, and in one of these cases there is also a defi- 
nite spindle-cell connective-tissue tumor, comparable to 
the one described in the present report. If one turns to the 
literature concerned with this disease (and an excellent 
summary will be found in the monograph of Rouviére *) 
one finds the most diverse statements concerning all 
forms of the lesions and especially with regard to thee 
types of tumors which may occur. Many of the centra- 
dictory statements must have arisen from the fact that 
generalizations have often been made from an insufficient 
amount of material. Certainly in this case, the fact 
that the lesions of xeroderma pigmentosum vary greatly 
in different stages and regions is most apparent. 

It is usually stated that this disease follows a course 
which may be divided into four stages: first, the stage of 
inflammation and reddening of the skin; second, the stage 
of pigmentation; third, the stage of atrophy, roughening 
of the skin and telangiectases; and finally, the stage of 
tumor development. Most descriptions of the malady 
leave the impression that these “stages” are quite dis- 
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tinct, following each other in orderly succession; and that 
each of the tumors represents the end result of such a 
sequence of events. This is by no means the case. Al. 
though reddening, pigmentation and roughening of the 
skin are indeed the early manifestations of the disease, 
still, after a short while, almost all forms of the lesions 
may be found side by side, developing independently, not 
consecutively in point of time and exhibiting no evidence 
that each lesion tends to progress through all the “stages” 
to tumor formation. The stage of erythema has not been 
seen in this case nor was there a definite history of its 
occurrence, All of the other lesions have developed under 
observation. 

Xeroderma pigmentosum thus appears to be a condition 
in which focal, irregularly scattered areas of the skin are 
abnormally sensitive to some portion of the sunlight, for 
small, sharply localized areas of pigmentation of atrophy 
or of tumor formation occur surrounded by perfectly 
normal epithelium. ) In this respect the analogy between 
the lesions of this disease and the occurrence of ordi- 
nary freckles forces itself upon one. 

The appearance of a particular patient at any time will 
obviously depend upon the abundance of these focal hyper- 
sensitive areas, the degree of exposure to sunlight, and 
the lapse of time following exposure. As for the relative 
amounts of atrophy and tumor formation, it is well known 
that different doses of x-rays may produce different effects 
in the skin, ranging from degeneration to over-prolifera- 
tion. It is impossible to believe that adjacent small areas 
of skin could receive different amounts of light on ordi- 
nary exposure to sunlight. The different effects appear, 
therefore, to be referable to differences in the suscepti- 
bility of the focal areas to the noxious influence of the 
light rays, the cells in some of the congenitally abnormal 
foci responding predominantly by oever-proliferation and 
those in others by degeneration. 

Councilman and others have directed attention to the 
importance of this disease in the study of tumor growth, 
and have emphasized the importance of a careful experi- 
mental study of the reactions of apparently normal por- 
tions of the skin of these patients to different forms of 
light rays as well as to other influences. It is possible 
that such studies might throw light upon certain pro- 
cesses which lie at the bottom of abnormal cell prolifer- 
ation and so lessen our ignorance of this most important 
matter. Unfortunately, in the present case it was neces- 
sary to be content with the morphological study reported 
here for permission to attempt the simplest studies of 
an experimental nature was refused. 


Su MMARY 


A case of xeroderma pigmentosum is described clinic- 
ally and pathologically. Radium exerted no permanent 
beneficial effect upon the disease. The various forms of 
the skin lesions are described and discussed. 
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DESCRIPTION OF FIGURES REFERENCES ‘ 

Fig. 1..-Extreme epitheljal atrophy. Note that the capil- 1. Stelwagon: Treatise on Diseases of the Skin. Secong — 7 
laries are plentiful. edition, 1915, W. B. Saunders Co., Phila., 889-893. ; ® 

Fig. 2.—Sharply localized area of epithelial atrophy. oe mouviere: Xeroderma Pigmentosum, Paris, 1910, J. B 

Bailliére et fils. 

Fig. 3.—Capillary telangiectasis. 3. Councilman and Magrath: Jour. Med. Res., 1909, XX, W 

Fig. 4.—High power appearance of cells in the minute area $31. h 
of abnormal cell proliferation described in Specimen VI. 4. Orth: Lehrbuch der Speciellen Pathologischen Ana- j : 

fi 

Fig. 5.—Disorganization of the Malpighian layer with ab- H, 725. 

: 5. Hueck: Krehl und Marchand, Hdb. der All. Path., Bd, 
normal pigment deposits in the epithelial cells and in wander- Il, 2. Abt 0 
ing phagecytes in the corium. 6. Neisser: Viertljahrschr. f. Dermatol. u. Syph., 1883, " 

Fig. 6.—Pigment-laden phagocytes about a capillary in the XV, 47. 8 
corium beneath degenerated and pigmented epithelial cells. 7. Unna: Quoted by Rouviére. ¥s 

Fig. 7.—Connective tissue increase in the corium beneath 8. Pick: Viertljahrschr. f. Dermatol. u. Syph., 1884, p. 3. Ms 

epithelium which is practically normal. Elastic fibres are ). Pollitzer: Jour. Cut. Dis., 1892, X, 133 : 
10. Orth: Lehrbuch der Speciellen Pathologischen An:- 

absent (Specimen IV). 8] 

tomie, II, 732. 

Fig. 8.—One of the small warty growths. | 11, Léwenbach: Quoted by Rouviere. ™ 
Fig. 9.—‘‘Pearl”’ formations in the tumor deseribed as | 12. Sprunt, Colwell and Hagen: Jour. Exp. Med., 1912, 

| rur Led a 

Specimen VII. XVI, 607. ° 

Fig. 10.—Edge of invasive epithelioma (Specimen VI). HOR... TORO, SUS. n 
: ; ; 14. Meirowski: Frank. Zeit. f. Path., 1909, Bd. 2, Heft 4, 

Fig. 11.—Tumor-like proliferation of the corium connec- 438 T 
tive tissue, described in Specimen VII. | 15. Lignac: Virchow’s Arch., 1923, CCXL, Heft 38, 383. : 

0 
ACUTE DISSEMINATED LUPUS ERYTHEMATOSUS 
n 
al 
REPORT OF THREE FATAL CASES e 
ti 
By Cuester 8. Keerer and Aucustus R. Fevry 
(From the Medical Clinic of the Johns Hopkins Hospital a 
and University) p 
q 

Since Kaposi’s first observations, published in 1872,’ | H.—Unessential. 
describing a rare and hitherto unrecognized clinical syn- P. H.—The patient had always enjoyed good health until the 
drome, characterized by symmetrical, wide-spread erythe- ge sanacyges ao no history of ever having had any of e 

= : 4 the diseases of childhood or other infecti ised . There 
matous lesions of the skin, fever, and a rapidly progres- 
was no history of hemoptysis, pleurisy or adenitis. Gastro- a 
sive downhill course with fatal termination, there have intestinal, genito-urinary, and locomotor systems had all been ‘i 
appeared from time to time in dermatological litera- normal and there never had been any skin eruptions until the @ 
ture **° reports of similar cases to which Kaposi’s cap- present illness. ir 
tion, “Acute disseminated lupus erythematosus,” has been P. I.—The patient was quite well until two years before com- ly 
attached. Through these rather widely spread reports, ing under observation. At that time she began to have attacks v 

of muscular and joint pains in her lower extremities. These 

this syndrome has become more or less familiar, though 
dager E é attacks would usually last from three to four weeks and would m 
the affection is by no means of common occurrence and »be characterized by pain and soreness of the muscles of her d 
complete records of carefully’ observed cases are, unfor- extremities, and slight swelling and redness of her knees and f_ tl 
tunately, lacking in many instances. In the past few ankles. These features were associated with a rather mild con- , @ 
years, three patients, presenting the typical clinical pic- was characterized by weakness, al- 
orexia and susceptibility to fatigue. ore 
ture and course of acute dissemimated erythematous lupus, 
' . : severe until September 1922 when she had to give up her work. 
have been studied on the wards of the Johns Hopkins Between attacks she was asymptomatic and felt quite well, but 
Hospital, and in two of the three cases necropsies were after about four weeks she would again have an attack of pain. 
performed. In view of the careful clinical observations Since September 1922 there had been marked tenderness, 
and thorough studies made on these patients, and the stiffness and swelling of the joints. The joints involved were 
accurate pathological data at hand, we have decided to the shoulders, elbows, knees, ankles and wrists. Besides yee : 
extended upon her arms. This eruption varied from time to 
CASE REPORTS time and had a tendency to form scars. , 
Case 1.-—L. Y. (Med. No. 49353). Aged 36. Female. Colored. For three months she had been bedridden on account of weak- E 
Housewife. Admitted March 28, 1923. Died, May 15, 1923. ness, painful, stiff and swollen joints and muscular pains. She | 
” . . iJ 
Complaint: “Stiffness in limbs. came to the hospital seeking relief for this condition. 
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p. E-The temperature was 99.2°, pulse 88, and respirations 
20 per minute. Blood pressure, 110 systolic and 50 diastolic. 
The patient was a poorly nourished colored woman who looked 
acutely ill. Her face was drawn and she appeared worn and 
seemed to be suffering from acute pain. She held her extremi- 
ties rigidly and complained bitterly of severe pain when they 
were moved or when pressure was exerted upon the muscles of 
her extremities. There seemed to be a profound asthenia. 

The skin showed interesting symmetrical lesions upon the 
face and arms; over the face there were scaling, confluent, 
slightly raised areas on either side of the nose, spreading 
over the bridge and to a slight extent on the medial sides 
of both upper eye-lids. No ulceration or induration of the 
skin was made out, but there were spots of diminished pig- 
mentation which suggested atrophy. There were no lesions 
on the chin or ears. A large vaccination scar on the left upper 
arm had been scaling for six months; over both elbows were 
small patches of the same character and over the left scapular 
spine there were a few scaly lesions. No lesions were made out 
upon the hands, lips or trunk. 

There was a moderate general glandular enlargement. The 
axillary, anterior and posterior cervicals, occipitals, epitro- 
chlears and inguinals were enlarged, discrete, rather soft but 
neither fluctuating nor adherent to the surrounding structures. 
There was a generalized muscular soreness most marked in the 
thighs, arms and back, but no localized areas of induration or 
oedema and no areas of calcification were made out. The joints 
of the upper extremities showed some stiffness and slight limita- 
tion of motion, which was thought to be due to muscular sore- 
ness rather than involvement of the joints. But the ankles were 
swollen and the surface temperature elevated. There was mark- 
ed pain and tenderness with limitation of motion and oblitera- 
tion of the tendinous markings over the dorsum of the foot. 

The head presented no abnormalities. The pharynx was clear 
and there was no tonsillar enlargement. The teeth were in 
poor condition and there was marked pyorrhoea alveolaris and 
gingivitis. The mucous membranes were pale and the tongue 
heavily furred and dry. The neck was not stiff. The heart 
was normal. Pulse, regular but a little rapid. 

The chest was moderately well formed—slightly asymmetri- 
cal, the right side a little larger than the left. The left clavicle 
was more prominent than the right. Expansion was moderate 
and equal on both sides without lagging. Vocal fremitus was 
normal. The percussion note revealed diminished resonance 
over both upper lobes. The breath sounds were of normal 
intensity, but there were many fine crackles throughout the left 
lung especially in the axilla and at the left base. A few rales 
were heard over the right base. 

The abdomen was slightly distended but no abnormalities were 
made out except a rather marked muscle soreness. Splenic 
dullness was increased and the tip of the spleen was felt when 
the patient was placed in the right lateral decubitus. Pelvic 
examination revealed nothing abnormal. The reflexes were 
normal. 

Blood Examination: 

R. B. C. 3,552,000 per c. mm. 

Hb. 60% (Sahli)—Normal for instrument used, 85%. 
Color Index 0.8. 

W. B. C. 6,600. 


Differential formula Per cent 300 cells 
1 66 


100 6600 


Stained smears showed no abnormalities in the red cells 
except slight pallor. Platelets normal. No parasites seen. No 
abnormal cells. 

Wassermann (Blood).—Negative. 

Urine.—Clear—yellow—sp. gr. 1.018. Acid. No albumin, sugar 
or pus cells. 

Urine Culture.—Sterile. 

Stool.—Negative. 

X-ray of chest——aArea of infiltration in right upper lobe and 
apex. 

X-ray of ankles.—No evidence of bony change but slight soft 
tissue swelling. 

Spinal Fluid Examination.—Clear—5 cells, all lymphocytes. 
Pressure normal—Wassermann negative. Gold and mastic 
curves negative. 

Sputum Ezamination.—No tubercle bacilli (daily examina- 
tions). 

Sputum Culture.—Mixed flora—no organism predominating. 

An axillary lymph node was removed for histologic and 
bacteriologic study.* A portion of the gland, after maceration 
and suspension, was injected into the testicle of a rabbit. After 
two weeks caseous tubercles were found in the inoculated 
testicle, material from which, on staining, showed the presence 
of acid-fast bacilli. 

Histologically, the lymph node did not present the picture of 
a tuberculous process but rather that of a non-specific chronic 
inflammation. 


CouRSsE IN HOSPITAL 


3/30/23. The patient has been afebrile until today; the 
temperature reached 102° this evening. Intra-dermal tuberculin 
test (1/50 mg.) was done. 

4/2/23. The patient is more comfortable. The ankles are less 
oedematous and less painful. The temperature has reached 
103°F. Tuberculin test negative. No local reaction. Nothing 
found upon physical examination to account for the fever. 
Blood culture negative. W. B. C. 13,000. Urine clear; trace of 
albumin but no blood. 

4/6/23. The temperature remains elevated. There is con- 
siderable cough and sputum and generalized muscular tender- 
ness. A few rales are heard at both lung bases, but there are 
no areas of tubular breathing. Sputum negative for tubercle 
bacilli. W. B. C. 16,000. 

4/10/23. Temperature elevated constantly. A few rales per- 
sist at the lung bases. There is less cough and no sputum. 
General condition better and less muscular and joint pain. 

4/24/23. During the past few days the patient has become 
worse. High fever continues’ and she seems very weak and 
prostrated and complains bitterly of generalized soreness and 
aching. Numerous rales are heard at both lung bases with a 
prolongation of expiration. There seems to be a definite broncho- 
pneumonia at both bases. 

4/30/23. The lesions on the face have spread to the lower 
portion of her cheeks on both sides and to the temporal region 
on either side. There is a good deal of cough with sputum. 
Many rales persist at both lung bases. The patient seems to b: 
losing ground. She has lost weight and her red blood count 
has decreased—R. B. C. 3,320,000, Hb. 55%, W. B. C. 8,600. 

5/8/23. The patient has been subjectively quite miserable 
during the past few days. She suddenly became delirious and 
very noisy—complained of pain in neck. There is no stiffness 
and Kernig’s sign is not present. The reflexes are normal. The 
left forearm and right foot are swollen, hot and painful. W. B. 
C. 32,000; 90% P. M. N. Lumbar puncture reveals a normal 


*Dr. Alan Chesney, who performed this experiment, very 
kindly gave us the data here published. 
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spinal fluid—no increase in pressure, cells, or globulin. Lungs 
clear. 

5/12/23. The patient is irrational, pulling her hair and talk- 
ing incoherently. There is marked swelling of her elbows and 
her left forearm, particularly over the extensor surface. There 
is also a marked swelling of both ankles. The lungs are clear 


over upper lobes, but there are many rales at both bases. The 
temperature remains elevated. 
5/15/23. The condition has remained unchanged. She has 


been irrational for three days. There have been no convulsions. 
This morning her temperature is 107°F. Many rales are heard 
throughout both lungs. The patient died in coma—having been 
irrational for three days. 
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is no reddening and the whole area looks as though it were olq 
and faded. Similar indefinite, pigmented and paler patches with 
small nodular elevations, but no reddening and no swelling, are 
to be found just above the points of the elbows. The left fore. 
arm is swollen on the under surface as the body lies; the skip 
is thickened and the whole subcutaneous tissue has a_ boggy 
feel. A scalpel plunged into it allows the escape of a thick, 
reddish gray pus. Above the left elbow there is a rather tenge 
swelling which is reddened, and this too exudes pus on puncture: 
on the right upper arm there is another tense swelling which js 
full of pus. 

The eyelids are roughened by pigmented nodular elevations 
which somewhat resemble those seen over the cheeks. The 


Azgxil 


Temperature Chart.—Case 1. 


Summary.—A colored woman, aged 36, who had had intermit- 
tent attacks of pains in her legs for the past two years. For six 
months she had been unable to work on account of general 
muscular soreness and swelling of her joints. She had had an 
eruption over her face and arms for six months and had been 
confined to bed for three months. When she entered the hospital 
she showed an eruption over the face, shoulders, elbows and 
back, generalized muscular soreness, pain and swelling of her 
joints, slight anaemia, marked undernutrition and asthenia. 
She developed fever, became very ill and had signs of broncho- 
pneumonia. The rash spread over her face and her joints be- 
came more painful and swollen. There was swelling and 
oedema of the muscles of the forearm. She failed rather rapidly, 
lost weight, became more anaemic, had continuous high fever, 
became irrational and delirious 4nd died in coma with a tem- 
perature of 107° after she had been under observation seven 
weeks. 

Autopsy No. 7486. (Dr. MacCallum). 

Anatomical Diagnosis.—Clinical history of “acute disseminat- 
ed lupus erythematosus.” Healing lesions of the face and 
other parts of the skin. Great enlargement of axillary, retro- 
peritoneal, pelvic and inguinal lymph glands. Bronchopneu- 
monia and bronchiectasis. Multiple abscesses in muscles, sub- 
cutaneous tissue and kidneys. Old pleural and _ pericardial 
adhesions. Sacculated accumulation of fluid in pericardium. 
Slight arteriosclerosis. Adenomyoma of cornu of uterus. 

The body is somewhat emaciated. The ankles are fat and 
edematous. The skin in general is smooth; over the face there 


is an area of deeper pigmentation which stretches across the 
nose and down on each cheek; on the left side there is an ir- 
regular addition to this which extends laterally on the cheek 
towards the angle of 
slightly nodular with 
sealy but give the impression of being slightly rough. 


the jaw. The skin in this region is 
little elevations which are not exactly 
There 


teeth are not badly preserved. The external genitalia seem 
normal. 

The subcutaneous fat is almost absent. The muscles are 
very pale. In the muscles of the anterior wall of the thorax 
there is an abscess, about 2 cm. in diameter, containing greenish- 
yellow pus. Similar but somewhat smaller abscesses are found 
in the external oblique on the left side. 

The peritoneal cavity is essentially normal. The right tube 
and ovary are missing. The appendix is also missing. 

The pleural cavities are almost entirely obliterated by adhe- 
sions which are easily torn through. 

The pericardial cavity contains a little fluid, but its surfaces 
are smooth and glistening except for old firm adhesions which 
bind the sac to the heart, especially at several points over the 
left ventricle. From the back of the left auricle there hangs 4 
thin-walled sac, about 4 cm. long and about 2 cm. wide, with 
vascular supply and filled with clear fluid. 

The axillary glands form a large packet on each side; the 
glands are not bound together tightly but are oedematous and 
rather translucent looking; the largest reaches a length of 4 cm. 

On section one of these glands shows a slightly elevated, pale 
area, almost opaque yellow, in the center with a border of gray, 
translucent tissue. But this is the only focus discovered which 
could be regarded as possibly tuberculous in nature. Every: 
where else the glands are soft, grayish and translucent, with 
occasional minute nodules of gray or darker color surrounded 
by a hyperemic zone; elsewhere the tissue is homogeneous it 
appearance. Similar glands are found in the neck along the 
trachea. 

In the mediastinum the glands are slightly enlarged but not 
nearly so large as in the axillae. The bronchial lymph nodes 
are only moderately enlarged and are pigmented and macerated 
but show no definite tubercles. 
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The heart is normal in appearance. The endocardium is 
smooth. The muscle is rather soft and not scarred anywhere. 

Lungs.—The bronchi show grayish, opaque reddening. They 
poze a thick grayish fluid which contains numerous small, yel- 
jowish, pinhead-sized masses of opaque foul-smelling material. 
These when pressed out on coverslips are found to be made up 
of desquamated epithelial cells and bacteria. The bacteria are 
of many kinds, some Gram-negative cocci and large Gram-nega- 
tive bacilli. 

Upon opening the bronchi it is found that they are reddened 
throughout and maintain their width almost to the periphery, 
where they are plugged with solid masses of the type described 
above. The lungs are heavy and rather oedematous; the upper 
lobes are normal; the lower lobes show nodular consolidations; 
on the cut surface these are found to be pigmented, rough. 
slightly elevated, peribronchial consolidations which are dis- 
tinctly granular and opaque and very indistinctly outlined. 

Stomach and duodenum.—Scattered minute petechial hemor- 
rhages in mucosa of stomach. Mucosa of duodenum shows some 
punched out erosions about 2 mm. in diameter. Pancreas, 
Liver and Adrenals, negative. 

Kidneys——A number of subcapsular abscesses which project 
upon the surface in groups in both kidneys contain thick yellow 
pus showing a staphylococcus. Pelvis of kidneys normal. Blad- 
der: negative. 

Uterus.—Right tube and ovary gone. 
of uterus) mass about 1 cm. in diameter. 
normal. 

Neck organs.—Normal. Aorta: normal. 

Retroperitoneal lymph nodes.—Moderately enlarged. In lum- 
bar region and in pelvis very distinctly enlarged, one being 
about 3 cm. in diameter. 

Inguinal lymph glands.—Distinctly enlarged and have same 
appearance.’ Spleen: normal. Intestines: normal. The mesen- 
teric lymph nodes are not enlarged. 

Microscopic Notes 

The kidney shows very distinct and beautiful abscesses, each 
with a mass of Gram-positive cocci in the center. In some the 
nuclei of the leucocytes are stretched into long threads towards 
the center. Otherwise the kidney shows no change. 

The adrenal shows great oedema—in places there are focal 
hecroses possibly the margins of small abscesses—otherwise 
there is no change. 

Parathyroid normal. 

Pelvic lymph glands extremely oedematous. Nothing- but 
fluid stretching the sinuses; the architecture is well preserved, 
the lymph cords are also spread apart by fluid. There are no 
hew cells present. 

The same can be said of one of the axillary glands—a great 
etlargement is apparently due to oedema alone. One of the 
largest masses of glands in the sub-pectoral region near the 
right axilla shows, as was described in the gross examination, 
a dry mass of tissue which proves to be a cluster of tubercles 
partly fibrous, partly caseous. Except for these none of the sec- 
tions show any tubercles but only oedema. There are a few cells 
larger than lymphoid cells scattered here and there in the lymph 
cords and sinuses. 

The eye looks normal. 

The abscesses in the muscle show great compression and 
atrophy and direct destruction of muscle fibres. No regeneration 
and no healing process about the actual abscesses. 

The heart shows some oedema and pigmentation of fibres but 
is otherwise normal. There are no vegetations upon any of 
the valves or heart wall. 

Liver normal. 

The pancreas shows a little atrophy and scarring in places 
but in general is normal. 


Left tube (cornual end 
Mucosa of uterus 


Thyroid apparently normal. 

At the entrance of the tube at one cornu of the uterus the 
hard mass described is composed for the greater part of rather 
circumscribed masses of smooth muscle with many scattered 
gland-like cysts lined with columnar epithelium. It must be 
regarded as a small adenomyoma. 

Lung.—The bronchi are widened to their tips, stripped of 
their epithelium; the wall is loose and thickened and lined with 
a film of pink-staining fibrin. The lumen is filled with masses 
of bacteria with quantities of leucocytes and red corpuscles. 
The alveoli around about these are filled with blood and an 
exudate of fibrin and cells. The alveolar walls are thickened 
and infiltrated—at a little distance there is an extensive 
organizing pneumonia of most beautiful form. The pleura is 
not greatly changed. Beneath it, away from the bronchi, the 
lung is rather emphysematous and filled with coagulated oedema 
fluid. There is no tuberculosis. 

The spleen is much pigmented. But the structure is not 
altered and there is nothing remarkable made out. 

Skin of elbows.—The keratinized layer is thickened over the 
most affected area, but the underlying epidermis is greatly 
thinned out. Papillae lost. The epidermal cells are separated by 
large vacuoles and are often torn free from the underlying cor- 
ium. One notes a loss of their pigment which is caused by wan- 
dering or loose cells in the upper layers of the corium. The tis- 
sue of the corium just beneath the epidermis is changed into a 
pale net-work of hyaline-looking material through which vessels 
occasionally penetrate, but which contains very few cells—a 
little below in the corium the tissue looks normal except that 
there are areas filled with a bluish-staining material. 

An axillary gland* removed at autopsy was macerated and 
injected into several guinea-pigs. The animals succumbed 
to generalized tuberculosis, and a strain of tubercle bacillus was 
isolated and cultivated from the lesions. The strain was shown 
to be of the human type by its failure to infect rabbits. 

Case 2.—M. M. (Med. No. 49564). Aged 21; Female; Clerk. 
Admitted January 27, 1923; Discharged June 3, 1923; Died 
July 20, 1923. 

Complaint.—“ Weakness, fever and pains in the joints.” 

F. H.—Unessential. 

P. H.—The patient had always enjoyed good health. She had 
had diphtheria, measles and mumps in childhood and epidemic 
influenza in 1919. She had never had any of the other infectious 
diseases. She had had headaches associated with her catamenial 
periods but she had never had any visual or auditory disturb- 
ances. There was no history of a chronic cough, hemoptysis, 
pleurisy or night sweats. There had been no cardiac, gastro- 
intestinal, genito-urinary, menstrual or neuro-muscular disturb- 
ances prior to the present illness. Her habits were exemplary 
and her development had been normal. Her weight one year 
prior to admission was 130 pounds. Upon entry it was 107 
pounds. There never had been any skin eruption until the 
present illness. 

P. I—The patient was perfectly well until March 1922, when 
she began to have pains in her joints. The joints were tender 
and painful upon motion, but there was neither redness nor 
swelling. The shoulder-joints were first affected. Soon after 
the shoulders, the knees and the other large joints of the body 
became painful. The pains would be localized in one joint for 
several days and then disappear and appear in another joint, 
and in this way the pains migrated from joint to joint. Be- 
sides the arthritis she had a sense of fatigue and an inability to 
do as much as she had done formerly without feeling exhausted. 
About the same time small, cutaneous, painless nodules appeared 
*This study was made by Dr. H. S. Willis to whom we are 
indebtedefor the above data. 
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over the backs of the hands and arms. These nodules were 
diserete, gave no subjective discomfort and finally disappeared, 
leaving small pigmented spots. After one month, the joint pains 
disappeared and she felt well until May 1922. At this time she 
noticed an erythematous, scaly eruption over her face. The 
eruption began on one cheek as a red spot about the size of a 
silver quarter and soon spread over both cheeks, over the 
bridge of the nose and over the ears. After the eruption had 
been present for several weeks, she was seized with fever, 
marked prostration, and aching in her back and extremities. 
The skin eruption became more marked, and lesions appeared 
over the chest and arms. This illness was so severe that she 
had to give up her work and go to bed. However, she improved 
so that after about three weeks she felt quite well and the skin 
eruption disappeared almost entirely. Then, without cause, in 
July, 1922, she had a recurrence of the arthritis, and the knees, 
elbows and metacarpal-phalangeal joints of the hands became 
painful, somewhat swollen and tender. She felt weak and had 
anorexia and attacks of nausea and vomiting. Her temperature 
was elevated and reached 102°F., each day. There was also a 
reappearance of the reddish nodules over the forearms and 
chest and the scaly lesions reappeared over the face. She im- 
proved slowly but continued to have fever, malaise, severe 
joint pains, weakness and palpitation. She then left Baltimore 
for a short time and in October 1922—six months after her first 
illness—she became very ill. She was confined to bed con- 
sluntly with high fever, occasionally associated with delirium, 
severe arthralgias and night sweats, extreme nervousness and 
restlessness and a very sore mouth. She continued to have the 
skin eruption over her face, arms and chest and her hair be- 
came thinner. She improved slowly after two months, became 
afebrile and asymptomatic, and returned to Baltimore. 

After she had been afebrile for two weeks she had an exacerba- 
tion of fever and pains in the small joints of the hands which 
continued until she entered the hospital. A few days before 
admission she developed an acute respiratory infection and 
entered during the acute stage of her illness. 

Physical: Examination.—The temperature upon admission was 
103.4°F., the pulse rate was 140 and her respirations were 24 
The blood pressure was 135 mm. systolic and 75 
mm. diastolic. The patient appeared to have lost considerable 
weight and seemed worn and chronically ill. Her face was 
flushed and she had occasional attacks of unproductive cough, 
but there was no respiratory distress. 

The skin in general showed areas of brownish pigmentation, 


per minute. 


particularly over the face, extremities, chest and abdomen. The 
largest area was on the abdomen and measured 4X2 cm. These 


pigmented areas were not raised, indurated or scaling. Besides 
this pigmentation there was an eruption which extended upon 
both cheeks, over the bridge of the nose and upon and behind 
the ears. It also extended over the chin and lips as far as the 
vermillion border. The eruption was also present over the 
shoulders and elbows but was most marked over the cheeks. 
The eruption formed ill-defined patches which were erythema- 
tous, brownish and pink in color. There was suggestive scar 
formation in the centre of the cheeks, which was irregular in 
shape and covered by a superficial scale which was dry and 
quite adherent. The eruption over the shoulders, elbows, 
lips and chin was of the same character. The skin otherwise 
was norma!. The nails were normal. The hair was rather thin 
and very dry. 

The bones were normal but there was some tenderness in the 
left shoulder joint and slight enlargement of the small joints 
of the hands without any detectable peri-articular swelling. 

There was a slight generalized lymph-glandular enlargement. 
The cervical, axillary and inguinal lymph nodes were particu- 
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larly involved. They were discrete, rather firm but neither 
matted nor adherent to the surrounding structures. 

Examination of the head revealed nothing abnormal. The 
lips were covered with herpes and numerous brown crusts 
which were the end results of herpetic vesicles. The gums were 
somewhat reddened and bled easily upon pressure, but there 
was no pyorrhoea. The teeth were in excellent condition. The 
pharynx was somewhat injected but there was no acute tonsillar 
infection. The nasal mucosa was somewhat congested. No 
petechiae were seen anywhere. ’ 

Opthalmoscopic and otoscopic examinations revealed nothing 
abnormal. 

The thyroid was palpable, but neither thrill nor bruit was 
present. Examination of the heart and lungs revealed nothing 
abnormal. Examination of the abdomen revealed nothing abnor. 
mal except a palpable spleen when the patient lay on her right 


side. The reflexes and extremities were normal. Pelvic ex. 
amination revealed nothing abnormal. 
Blood Examination: 
R. B. C. 3,776,000. 
Hb. 72% (Sahli). 
Color Index 0.96. 
W. 11,000. 
Differential formula Per cent Total 
2.0 220 
100 11,000 


Bleeding Time.—3 1/2 minutes (Duke Method). 

Coagulation Time.—(Howell): 10 minutes. 

Blood Wassermann.—Negative. 

Widal.—Typhoid, Paratyphoid A & B, Negative. 

X-ray Examinations.—Sinuses: Clear. Lungs clear. Heart 
not enlarged. Joints: Hands, Feet, Knees, Elbows and Shoul- 
ders: Joints show slight swelling of soft tissues, but no erosions 
of bone; marked atrophy of bone from disuse. 

Blood Culture.—Negative. 

Urine.—Clear, amber, acid, sp. gr. 1.018, trace of albumin, a 
few hyaline casts, W. B. C. and epithelial cells. No sugar, 
acetone, diacetic acid, urobilin. Guaiac negative. 

Phthalein.—80% 2 hours. 

Stool Examination.—Normally formed stool—no ova or para- 
sites were found and there was no mucus, blood or pus. 


HISTOLOGY OF GLAND REMOVED FROM RIGHT AXILLA., 
(Dr. Bloodgood). 


Diagnosis.—Acute non-tuberculous lymphadenitis (toxic). 


Gross Description.—The gland is more opaque and whiter than 
the usual enlarged gland from infection, and is more friable 
than a normal lymph gland. 

Microscopic.—With the low power the germinal centers are 
distinct and numerous. In places there is a distinct capsule 
and beneath this capsule there is the usual picture of hema- 
toxylin-staining lymphoid cells, the only part of the gland in 
which these lymphoid cells appear normal. Throughout the 
gland the stroma of the lymphatic vessel channels is greatly 
increased as one sees in endothelial hyperplasia. The areas of 
hemorrhage might be due to trauma. The most marked change 


seen with the low power is that the cells do not take the hema- 
toxylin stain deeply, but they take up the eosin stain. 
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With the oil immersion we find the lymphoid cells mixed with 
many large cells which are in the eosin-staining areas. These 
large cells seem to be endothelial in type. There are no 
porothy Reed cells seen. There is no histological evidence of 
tuberculosis. There are no giant cells or evidence of metastases 
from a tumor growth. The gland impresses me more as a 


reaction to an infection with marked endothelial hyperplasia. 


CouRSE IN HOSPITAL 


1/29/23. The patient feels weak. Her temperature is a little 
lower and varies from 100 to 102°F. Respiratory infection sub- 
siding. There is pain in the interphalangeal joint of the index 
finger of the right hand with slight tenderness upon pressure 
and some swelling. General glandular enlargement and eruption 
persist. The spleen is palpable. Blood culture negative. W. 
B. C. 7,600. 

2/8/23. There is a marked improvement in the patient’s 
general condition. She feels well except for weakness. Her 
temperature has reached a level which is perhaps very slightly 
above normal (100-101°). There has been a disappearance of 
joint pains. The glands have decreased very much in size and 
the rash is less extensive. Her appetite is improving. Blood 
culture negative. 


2/15/23. During the past week the temperature has in- 
creased gradually from 100 to 104°. With this exacerbation of 
fever she has marked asthenia, the lymph glands have become 
larger and the skin eruption has increased in extent. There are 
a few scaly patches on the palms and index finger. Blood 
cultures negative. Urine clear and sterile. 


2/24/23. The temperature remains high, with anorexia, 
nausea, asthenia and the eruption persisting. This morning 
the patient complained of pain in her chest and upon examina- 
tion a to-and-fro superficial, scratchy pericardial friction rub 
was heard over the precordium. W. B. C. 9,300; R. B. C. 4,295,- 
000; Hb. 61%. Blood Culture, positive for Streptococcus viridans, 
less than one colony per cubic centimeter. 


2/26/23. The patient is quite uncomfortable. Her temperature 
remains high, the friction rub persists but there are no signs 
of a pericardial effusion. Blood culture: sterile. X-ray of chest: 
Heart shadow a little enlarged. Lungs clear. No evidence of 
enlarged mediastinal glands. W. B. C. 6,800. 


3/1/23. Fever subsiding. The patient feels better subjectively, 


_ but the friction rub persists. There are no signs of pericardial 


effusion. Blood culture sterile. Urine culture, negative. R. B. 
C. 3,870,000; Hb. 53%; W. B. C. 6,300. 


3/8/23. The friction rub has entirely disappeared. There 
has been a marked improvement in the patient’s condition sub- 
jectively; the appetite has returned, the nausea has disappeared 
and the skin eruption is less marked. The lymph glands have 
decreased in size and the spleen is not palpable. Blood culture 
hegative. 


3/19/23. The fever remains high; the eruption over the face, 
upper lip, shoulders and elbows persists. There are numerous 
spots of pigmentation over the arms and chest. The patient 
seems to be failing rapidly. R. B. C. 3,770,000; Hb. 52%; W. B. 
C. 5460. There are no signs of a generalized miliary tuber- 
culosis. No choroidal tubercles are seen and the lungs are 
clear. Blood culture for tubercle bacilli (Clough™ technique), 
hegative. 


3/26/23. Her temperature remains high and her general 
condition the same. The friction rub over the precordium re- 
appears but is not as loud as before. X-ray of chest: Lungs 
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clear. Blood culture negative. Ultra-violet light therapy start- 
ed. W. B. C. 6,000. Von Pirquet skin test, no reaction. Blood 
pressure has gradually fallen from 120/60 to 90/50. Urine is 
clear. Phthalein excretion is 55% in two hours. Blood N. P. N. 
32 mg. per 100 c.c. 


4/15/23. The general condition has not been improved by 
daily ultra-violet ray light therapy. Therapy stopped today on 
account of the falling leucocyte count which reached 3,000 to- 
day. The therapy has caused a generalized pigmentation of the 
skin which is especially accentuated over the areas of lupus. 
Blood pressure 110/60. R. B. C. 3,264,000; Hb. 50%; W. B. C. 
3,000; P. M. N. 69%. 


4/22/23. The temperature ‘remains elevated. For the past 
few days she has had rather persistent nausea and vomiting. 
The abdomen is negative. There is a slight generalized glandu- 
lar enlargement. The anaemia is more marked—R. B. C. 2,880,- 
000 with Hb. 48%. Skin eruption persists. 


5/1/23. Temperature still elevated. Nausea and vomiting 
still persist but are less marked than one week ago. She has 
lost about twelve pounds in weight since entry. The spleen is 
still palpable. 


5/4/23. General condition about the same. The patient has 
developed marked tenderness of the dorsum of the forearm 
without redness or local heat, but there is slight swelling over 
the area of tenderness. The anaemia is progressing. Nausea 
and vomiting persist. 


5/12/23. The fever persists. She is gradually losing weight 
on account of difficulty in eating. The lymph glands are quite 
small, although readily palpable. From the elbow to the wrist 
there is a marked swelling, which is firm, indurated and very 
tender. The tenderness seems to be in the muscles and not in 
the joints. There is a definite elevation of temperature over 
the joints. There is marked asthenia. Blood culture negative. 
No evidence of disseminated tuberculosis. 


5/16/23. General condition unchanged. The pericardial fric- 
tion rub reappears and the fever persists. There is progressive 
asthenia. R. B. C. 2,224,000; Hb. 34%; W. B. C. 3,900. Blood 
culture, negative. X-ray of chest: Lungs clear. X-ray of joints, 
long bones and spine: slight atrophy of bone but no changes 
are made out in the joints. Urine: clear, a trace of albumin is 
present. Phthalein excretion, 55% in two hours. 


6/4/23. The condition is progressively downhill. The fever 
is high and reaches 104°F. daily. There is marked emaciation. 
There is still marked swelling of the left forearm. There is 
also a tender, movable, lobulated mass in the soft tissues be- 
neath the left clavicle. 


6/11/23. Emaciation is increasing. Appetite poor. The fever 
is up and down with occasional chilly sensations. Bowels con- 
stipated. Stools normal. Heart and lungs clear. Swelling of 
arm with tenderness persists. Spleen not felt. Skin lesions less 
marked. W. B. C. 4,800. Urine normal. Phthalein excretion, 
55% in two hours. 


6/15/23. The patient has high fever, 104° followed by sweat- 
ing and a fall of temperature to 96°F. In the mornings she 
feels “chilly.””. Marked pyrosis after meals. 


6/23/23. The patient left the hospital today. Fever still high. 
Marked asthenia, nausea and abdominal discomfort. Skin le- 
sions not so prominent as before. Arm still swollen and tender. 
General condition poor. Marked anemia—R. B. C. 3,100,000; 
Hb. 35%; W. B. C. 5,800; P. M. N. 94%. Urine, clear but con- 
tains a trace of albumin. Blood culture negative. 
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COURSE AFTER LEAVING THE Hospitat 

The course was one of progressive failure. Fever continued; 
she became more emaciated. Asthenia was marked, and the 
patient became more anaemic. She developed edema of the feet 
and ankles and periorbital swelling. One week before death she 
had two convulsions after which she lost ground rapidly and 
died in coma, death occurring one month after she left the 
hospital or sixteen months after the onset of her present illness. 

Summary.—An unmarried white woman twenty-one years of 
age, who was perfectly well until nine months prior to admis- 
sion to the hospital. Since the onset she had an up- and down-hill 
course with attacks of fever, polyarthritis, and the occurrence 
of small nodules on the margins of the fingers, over the palms 
of the hands and extensor surfaces of the arms, and an eruption 
over her face and extremities. She had had at least two periods 
of normal temperature and freedom from symptoms after the 
onset. The striking features upon entry were marked asthenia, 
moderate undernutrition, fever, tachycardia, pain in the joints, 
an eruption over the face, shoulders and extremities, slight 
general glandular enlargement, slight splenomegaly with a 
moderate secondary anaemia, a stomatitis and a super-imposed 
respiratory infection. Her course was one of progressive failure, 
but it was characterized by periods of improvement during 
which the fever was lower, the skin eruption less marked, the 
joint pains less striking, the general condition better, and the 
general glandular enlargement less marked. These periods of 
improvement would be followed by an exacerbation of all of the 
features of her malady. Upon three occasions she developed a 
fibrinous pericarditis and at one time this was associated with 
@ streptococcus viridans bacteremia. She gradually became 
more anaemic, lost weight, had marked anorexia, nausea and 
vomiting. She then developed marked redness, swelling and 
tenderness over the muscles of her forearms and slight oedema 
of her feet and face. She had two convulsions followed by 
periods ot unconsciousness one week before death. She became 
comatose and died after being in coma one hour. The total 
duration of her illness was sixteen months. An autopsy was 
not obtained because the patient left the hospital before death. 

Case 3.—C. T. (Med. No. 41778.) Aged 26. Female. Colored. 
Single. Janitress. Born in Virginia and a resident of Balti- 
more, Md. Admitted March 5, 1919; Discharged May 15, 1919. 
Readmitted December 1919; Died January 1920. 

Complaint.—“Soreness in the stomach.” 

F. H.—Unessential. 

P. H.—The patient’s general health prior to the present illness 
had been excellent. She had had measles, mumps and pertussis 
in childhood but no other infectious diseases. The vision in 


the left eye was reduced on account of an old injury to the 
cornea. She had had bleeding gums since the onset of her 
present illness. She had also had a dry, hacking unproductive 
cough for six months. There had been a moderate loss of 
strength and flesh. The gastro-intestinal, genito-urinary and 
neuro-muscular systems had always been normal. Her best 
weight had been 150 pounds and her weight upon admission was 
115 pounds. There was no history of any skin lesions before 
the present indisposition. 

P. I.—The patient had been quite well and able to lead an 
active life until six months before coming under observation. 
At this time she noticed some swelling of the right cheek which 
became hot and painful. Soon after this swelling appeared she 
noticed a dry scaly eruption which started as black spotches 
upon her face, arms and chest. She thought that she had fever 
at this time, but as her temperature was not recorded it was 
uncertain. Besides the eruption she had stiff and painful joints, 
particularly the knees and elbows. 

The eruption had persisted until she came to the hospital and 
she had become quite weak and had lost thirty pounds in weight. 
She had to give up work but was not confined to bed. For one 
month she had suffered from marked pain in the epigastrium 
which did not radiate and was not associated in any way with 
food or meals. She sought advice on account of the eruption, 
weakness, loss of weight and pain in the abdomen. 

P. E.—The temperature was 102.6°F., the pulse rate 140 and 
her respirations 22 per minute. The blood pressure was 122 
mm. systolic and 70 mm. diastolic. There was marked under- 
nutrition and underdevelopment. She was quite prostrated, but 
mentally clear. 

The skin was quite dry and showed a fine, branny desquama- 
tion over the entire body, but particularly marked over the 
legs. Besides this, the patient had an unusual pigmented condi- 
tion of the face, arms, legs and back. Upon the face this was 
most marked around the margins of the scalp, the inner angle of 
the eyebrows, naso-labial region and the ears. There were also 
some small spots scattered over the chin, cheeks and upper lip. 
In some places the skin surface was associated with scarring and 
in other places it was not affected. Upon the elbows and flexor 


surfaces of the forearms the pigmentation was in the form of 


slightly depressed, scaly, discrete and confluent spots varying 
from pin-head to almond size. Upon her back the pigmented 
areas were of varying size and consisted chiefly of punctate pig: 
mentations at the mouths of the follicles. There was slight scal- 
ing over these areas, and one area of crusting over the left 
shoulder and over the middle of the left scapula. Upon the 


palmar surfaces of the hands there were numerous scaling, pig- 
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mented lesions and flat atrophic scars. They varied in size from 
3to 6cm. in diameter. The lesions were symmetrical in appear- 
ance and practically mirror images. 

There were a few pigmented patches upon the tongue but there 
was no definite glossitis or stomatitis. The mucous membranes 
were pale. 

Examination of the head revealed nothing abnormal except a 
phthisis bulbi on the left side. The right furdus was normal. 
The mouth showed marked pyorrhoea alveolaris and the patches 
of pigmentation upon the tongue as described. 

There was no marked lymph gland enlargement. The right 
epitrochlear was felt. The heart and lungs were normal except 
for many high pitched piping rales at both bases. The abdomen 
was normal and the spleen was not felt. There was no acute joint 
swelling and no swelling or tenderness over the muscles. But 
the muscular strength was greatly reduced. The superficial and 
deep reflexes were normal. Pelvic examination revealed nothing 


abnormal. 

Blood Examination: 
R. B. C. 3,264,000. 
Hb. 65% (Sahli). 
W. B. C. 9,400. 


Differential formulae Per cent Total 

100 9400 


Blood Wassermann.—Negative, 3 occasions. 

X-ray of Chest—Lungs clear; Heart and aorta not enlarged; 
Congenital anomaly of left shoulder. 

Spinal Fluid.—Pressure normal—5 cells, all mononuclears. 
Wassermann—negative. Globulin—positive. Gold Curve—normal 
in type. 

Stool Examination.—Negative. 

Sputum Examination.—Mixed flora, no predominating organ- 
ism, no acid-fast organisms. 

Urine.—Sp. gr. 1.007—1.018, albumin 4.5 gms. per liter, many 
casts, no R. B. C. 

Phthalein Excretion.—64% in two hours. 


COURSE IN HOSPITAL 

The patient continued to have slight fever with a practically 
normal leucocyte count and her condition remained unchanged 
for three days, when she suddenly developed an acute delirium 
which lasted for two days and then subsided. 

She continued to have the skin eruption and fever which 
varied from 100 to 101°, her leucocyte count varied from 5,600 
to 8,600 with a differential practically the same as upon entry. 
Blood cultures taken every seven days were sterile. The urine 
always contained some albumin with a few casts but no erythro- 
cytes. 

She reinained in the clinic for several weeks, and although she 
improved subjectively and gained strength, she had a low grade 
fever which practically subsided before she was discharged. The 
skin condition was somewhat less marked upon discharge than 
upon entry. 

She left the hospital but returned after seven months com- 
Plaining of “swelling and soreness in the legs.” 

After leaving the hospital she became progressively weaker and 
had great difficulty in getting around. Three months before re- 
turning she had soreness of her ankles with slight swelling. This 
became progressively worse and it was for this swelling and 
tenderness that the patient came back to the clinic. 


It was found that her temperature was 100.5, her pulse rate 
100, her respirations 20, and blood pressure 125/75. She showed 
undernutrition, having lost forty pounds since the onset of her 
illness. There was marked asthenia, and some soreness of her 
ankles. 

The eruption upon the skin was more extensive than upon the 
former admission. The lesions were distributed over the face, 
particularly in the region of the eyebrows, nose, forehead, upper 
lip, over the elbows, shoulders, back and chest and palmar sur- 
faces of the hands. They were irregular, dry and scaly with 
marked pigmentation which was coal black in appearance and 
exaggerated around the follicles. There were a few areas of 
atrophy and a few old scars about the areas of eruption. There 
was no general glandular enlargement. The mucous membranes 
were pale. The other points in the physical examination did not 
differ from those noted upon the first admission except for the 
swelling and tenderness of the lower part of the legs. 

Blood Examination: 

R. B. C. 3,912,000. 
Hb. 76% (Sahli). 
W. B. C. 13,600. 


Differential formula Per cent 


100 


Blood Wassermann.—Negative. 

Blood Culture.—Negative. 

Sputum Culture.—Mixed flora, numerous colonies of Fried- 
liinder’s bacilli. 

X-ray of Chest.-Lungs clear; no evidence of consolidation. 

Urine.—Specific gravity varied from 1.010 to 1.025, slight 
albuminuria and cylindruria but no hematuria. 

Phthalein Output.—5h5% in two hours. 

The patient lost ground rapidly. She became extremely weak, 
developed high fever with a cough and some expectoration of 
rauco-purulent sputum and numerous moist rales throughout 
both lung bases with a prolongation of expiration. These signs, 
indicative of a bronchopneumonia, persisted for several days, but 
her fever became less marked. She had a very rapid heart rate 
varying from 160 to 180. The signs in her lungs cleared after a 
few days, the fever was lower, but she continued to go downhill 
and died after twenty days in the hospital. Before death many 
rales were heard throughout both lungs. 

No signs of a widespread miliary tuberculosis were made out 
and no signs of a terminal sepsis were found. Blood cultures 
were negative throughout and W. B. C. varied from 6,000 to 


9,000. Case 3. 


Temperature Chart. 
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Summary.—A colored woman, twenty-six years of age, whose 
family and past histories were uneventful, had been well until 
fifteen months before death when she developed a widespread 
skin eruption, stiffness and soreness in her joints, weakness, 
loss of weight and epigastric pain. These symptoms became 
progressively worse. She had fever, developed a delirium which 
lasted for several days and finally cleared up. She had a wide- 
spread skin eruption, tachycardia and a marked secondary 
anaemia, albuminuria with cylindruria but a normal phthalein 
excretion. She improved temporarily and left the hospital 
afebrile and asymptomatic only to return after six months, with 
fever, weakness, tachycardia, emaciation, and an extensive skin 
eruption, sore and swollen legs, and a secondary anaemia with a 
moderate leucocytosis. She also had albuminuria, cylindruria 
without hematuria and a normal phthalein excretion. She 
failed rapidly. She had high fever, developed bronchopneumonia 
and died fifteen months after the onset of her illness. 

Autopsy.— 7 hrs. after death (Dr. Paul). 

Anat. Diag.—Facial pigmentation and symmetrical atrophic 
sears on extremites, caseous hepatic tubercles, tbe. lymphadeni- 
tis, chronic nephritis, bronchopneumonia. 

Colored woman showing considerable degree of emaciation. 
Weight 45 kg. Scarring of left cornea over iris. Skin of nose: 
some ulceration accompanied by hyperkeratosis. Over face in 
region of eyebrows and beneath eyes intense black pigmenta- 
tion contrasting strongly with dark skin. On extremities sym- 
metrical lesions. Both elbows show small flat skin lesions pea- 
sized and situated on dorsal surface extending to point midway 
betwen elbow and wrist. Palms of both hands show symmetrical 
lesions especially about finger-nails; appear to be thin areas of 
epidermis in various stages of ulceration and healing. Skin of 
legs from knees down is very oily and scaly. At a point on 
right leg, about midway between knee and foot, are two small 
healing ulcers. About heel of both feet are similar slightly 
infected lesions similar to those on palms. Subcutaneous hemor- 
rhages over trochanteric prominences. Both legs from knee 
down swollen. 

Heart.—Essentially normal. 

Lungs.—Right—a few small patches of consolidation in lower 
lobe quite hemorrhagic and oedematous. Lymph glands of hilum 
normal. Many old adhesions of pleura. Left—scarred at apex. 
Pleura smooth. Patches of bronchopneumonia especially in 
lower lobe. Bronchi injected and contain frothy fluid. 

Spleen.—Negative. 

Mesenteric lymph gland.—Slightly enlarged. 

Stomach and duodenum.—Normal. 

Pancreas.—Negative. 

Liver.—Normal size. Close to inferior surface at entrance of 
portal vein are two small round nodules, nearly 1 cm. in diame- 
ter, encapsulated, containing yellow opaque material—apparently 
caseous areas. 

Adrenals.—Left—very small and atrophic. Right—normal. 

Kidneys.—Pale, very large, opaque-looking tubules. 

Pelvic organs.—Essentially normal. 

Lymph glands.—Great increase in size of retroperitoneal, 
pelvic and inguinal glands, especially pelvic glands on the left 
side where they measure 3 to 4 cm. in length. On section most 
of the glands show scattered tubercles and large areas of case- 
ation surrounded by hemorrhagic adenoid tissue. Several such 
glands found along spinal column as high as diaphragm. 

Neck organs.—Negative. 

Aorta.—Negative. 

Intestine.—Negative. 

Microscopic Nores 


Heart.—Normal. 
Lungs.—Bronchopneumonia especially about larger bronchi- 
oles. 
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Spleen.—Normal. 

Liver.—Two large circumscribed areas of caseation in liver 
substance surrounded by fibrous wall; an oecasional giant cel], 
Liver surface thickened with old fibrous adhesions. Some ip. 
creased fibrosis in portal spaces with some round-cell infiltra- 
tion. 

Kidneys.—Chronic nephritis with fibrosis and round-cell ip. 
filtration. 

Ovaries and tubes.—Negative. 

Retroperitoneal lymph glands.—Marked tbe. with large areas 
of caseation and many giant cells. 

Skin.—Signs of a very chronic inflammation. 

Bone marrow.—Aplastic. 


CLINICAL ANALYSIS 


The analysis of these three cases brings out certain 
striking features which are common to all of them. The 
patients were all adult females, one white and two ne. 
gresses, 21 years, 26 years, and 36 years of age, respec. 
tively. They all complained of something other than the 
skin lesions, so that they presented themselves to the 
medical clinic and not to the dermatological clinic. The 
family history was negative in each instance and all had 
enjoyed excellent health prior to their fatal illness. None 
of the patients had ever had any previous skin eruption. 

Fever was present in all of the cases; it was remittent 
and prolonged. Two of the patients were known to have 
had several remissions during which time they were symp- 
tomless and afebrile. However, after a varying period of 
time they had a relapse and continued upon a downward 
course. 

Arthritis was present in every case. The characteristic 
features were pain, swelling and tenderness of the joints 
with slight elevation of the surface temperature without 
redness. Radiographic examination of the joints showed 
nothing abnormal besides slight periarticular swelling, 
and in one case slight atrophy of the bones in the region 
of the affected joints which was interpreted as being due 
to disuse. 

The skin lesions were diffuse in all of the cases. They 
occurred for the most part over the face, extremities, chest 
and trunk and in two cases upon the palms as well. The 
lesions were dry and scaly, pinkish in color and healed 
with slight scar formation and some spots of pigment and 
atrophy. 

Extreme tenderness with rather marked swelling of the 
muscles of the extremities was present. Profound pros- 
tration, sweats and delirium were also outstanding feat- 
ures of the cases. There was a moderate generalized 
lymph glandular enlargement and in two cases the spleen 
was palpable. In one case there was a great increase in 
the size of the lymph glands and spleen, as well as in the 
extent and severity of the skin lesions with each exacer- 
bation of fever. 

There was never any clinical evidence of tuberculosis in 
any of the cases. No petechiae were ever noted and there 
was no evidence of organic valvular heart disease. 
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Moderate secondary anaemia was present in all of the 
cases Which incre sed as the disease progressed. The leu- 
cocyte count was normal except in the event of a super- 
imposed infection, when it would become above normal. 
The differential formulae of the white cell counts were 
The Wassermann reaction was negative in each 
negative except in one 


normal. 
ease. Blood cultures were always 
case where there was a transitory streptococcus viridans 
bacteremia of only a few days’ duration. One of the pa- 
tients had a recurring fibrinous pericarditis. 

The urine contained slight amounts of albumin, occa- 
sional casts but never any blood. The phthalein excretion 
was always normal. There was no fixation of the specific 
gravity and there was no evidence of nitrogen retention 
in the blood. 

The spinal fluid was normal in the two cases in which 
it was examined. 

The duration of the disease varied from six to fifteen 
months. One case lasted six months, one fifteen months 
and the third fourteen months. In all three cases death 
oecurred in coma, with pyrexia and terminal bronchopneu- 
monia. 

Anatomically, no characteristic lesions were found in 
the organs. There was no evidence of bacterial endo- 
carditis. A few small lymph glands contained tubercles 
but in no instance were there extensive tuberculous 
lesions. 

The two cases coming to necropsy showed a diffuse 
bronchopneumonia and evidence of a chronic nephritis. 
One case also had numerous abscesses in the muscles and 
kidneys. In one of the cases in which an axillary gland 
was excised there were viable tubercle bacilli. This was 
proven by culture and inoculation into the testicle of a 
rabbit. The striking feature about it was that the same 
gland did not show tubercles histologically, although 
tubercle bacilli were recovered from it by the methods 
mentioned above. However, at section lymph glands 
were found in the same region which showed definite 
tubercle formation and the organisms were again isolated 
by culture. 

COMMENT 

The controversy over the etiology of lupus erythema- 
tosus is far from being settled, though the consensus of 
opinion at the present time seems distinctly against the 
concept that the skin lesion is tuberculous in origin. Mace- 
Leod * in a recent critical review of the theories of eti- 
ology of the disease states—“It is not a pathologic entity 
due to some specific cause, but rather a cutaneous symp- 
tom of a peculiar type which may be called forth by a 
variety of causes, toxic or septic in character.” In point- 
ing out the similarity in appearance, both histologic and 
clinical, between lupus erythematosus and erythema mul- 
tiforme, he links the former with the great and ill-defined 
group of toxie erythemata. Osler * showed in what di- 
verse conditions erythema may occur as an associated 
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and recently Libman and Sacks ** 
four cases of an unusual type of endocarditis in two of 
which during the course of the disease they observed 
lesions closely resembling those of acute lupus erythema- 
tosus together with other erythematous eruptions. On the 
other hand, the ordinary chronic discoid lupus erythema- 
tosus may exist as a benign lesion over long periods, quite 
unaccompanied by other manifestations. 


Among the diverse and unrelated diseases in the course 
of which these erythematous skin lesions are observed, 
there has been recognized a small group of cases which 
not only show in common disseminated lesions of lupus 
erythematosus, but, regarded from the broader viewpoint 
of internal medicine, are so strikingly similar in their 
development, symptoms, course and termination, that the 
nosologist is tempted to distinguish them sharply as a 
well defined clinical entity, at least until the discovery of 
the etiology renders such classification obsolete. This 
group, to which the cases here reported belong, has been 
‘alled “acute disseminated lupus erythematosus”—a de- 
signation emphasizing, perhaps unfortunately, only one 
of the several characteristic symptoms of the syndrome. 
For in reviewing the more carefully reported cases in the 
literature one cannot fail to be impressed by the frequent 
occurrence and dominance of certain features of the gen- 
eral clinical picture. As a malady occurring nearly al- 
rays in females (a few notable exceptions being the cases 
of Brown,” Pernet,’ Kraus and Bohaec,’ Goeckermann '*) 
and characterized by fever, joint and muscle pains with 
swelling but without joint changes, abdominal pains, 
glandular enlargement sometimes associated with splen- 
omegaly, typical disseminated skin lesions, great pros- 
tration, occasionally with delirium, secondary anaemia 
often with normal leucocyte count, a downhill course with 
increasing asthenia and general failure, and finally, exi- 
tus due to an intercurrent respiratory infection or to 
nephritis—this affection presents in its clinical aspects a 
more or less clear-cut picture. One of the most variable 
features perhaps is the duration of the disease—some 
‘cases having a short precipitous course (the so-called 
“Vemblée type” of Pernet, e. g. the cases of Short,’ Rob- 
erts '’ and Pernet*) and others being of less rapid pro- 
gress sometimes eanuiid by one or more remissions of 
several months’ duration. Since death is usually due 
to the intervention of complications, the duration is 
necessarily variable; hence further differentiation of cases 
on this basis does not appear justified. 

The pathological findings are not constant or charac- 
teristic. Tuberculosis, especially of the lymph glands, has 
been repeatedly noted—a finding which has served to sup- 
port the theory of the tuberculous origin of the disease. 
Two of the cases here reported were examined pathologi- 
cally and showed tuberculous adenitis. The lesions of 
pneumonia and nephritis, often present, cannot be regard- 
ed as playing a primary role in the disease process. 
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In the one case in which animal inoculations were made 
a human strain of tubercle bacillus was recovered from 
a dymph gland which showed no histological lesion char 
acteristic of tuberculosis. Observations of this sort have 
been repeatedly made (Harbitz Macfadyen & 
MacConkey> Weichselbaum and Bartel and indicate 
that tubercle bacilli may be present in lyinph adenoid tis 
sue without exciting the formation of tubercle. It brings 
up the question whether the mere presence of tubercle 
bacilli in tissue without the typical cellular reactivity on 
the part of the host constitutes true infection, and if se, 
whether such a condition might obtain in certain cases of 
acute disseminated lupus erythematosus which the 
structural changes of tuberculosis were not found. 
Further investigation of this point would prove of great 
interest and might possibly cast some light upon this 
obscure disease process. 

SUMMARY AND CONCLUSIONS 

1. Three cases of “acute disseminated lupus erythema 
tosus” have been reported. In two cases the pathological 
findings were described. 

2”. The clinical features were quite similar in all three 
cases. The syndrome presents rather a distinet entity as 
far as clinical observation is concerned. 

3. Pathologically, the only constant feature common 
to both of the autopsied cases was small groups of tuber 
culous lymph glands. No extensive tuberculous lesions 
were found. 

4. In one case, tuberele bacilli of the human type were 
recovered from a lymph gland which did not show the 
histological lesion characteristic of tuberculosis. 
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THE HEALING OF RICKETY BONES IN VITRO* 


By P. G. Surpiey, M. D. 
(From the Department of Pediatrics, Johns Hopkins University) 


The examination of a large number of bones from rats 
that have been maintained on a number of different diets 
has demonstrated that many questions which concern the 
histology and chemistry of osteogensis and osteoclasis 
cannot be decided from the examination of dead bones or 
by chemical studies of artificial solutions. In the hope 
of throwing light on some of these, an attempt has been 
Although the 
work is by no means complete, it has seemed worth while 


made to study isolated bones in vitro, 


to publish a preliminary note, regarding one phase of the 
investigation. 

If an isolated piece of bone of a rachitic rat be placed 
in serum or plasma taken from normal animals, or from 
those with rickets in the process of cure, calcification be 
gins in the bone in 48 hours. This reparative process is 
made evident by the formation of a provisional zone of 
calcification in the cartilage of the bone and by the 
deposition of lime salts in the metaphysis. These new 
deposits of calcium are apparently similar to those which 


* Preliminary report. 


are found in bones taken from the bodies of rats with 
healing rickets. In other words, the normal process of 
calcification which was in abeyance in the body from 
which they were removed seems to have been resumed in 
these bones, as the result of contact with normal serum. 

The re-formed provisional zone of calcification of the 
cartilage in these extirpated bones is morphologically 
identical with that which is formed when healing occurs 
in the body of an intact animal. The new epiphyseo-dia- 
physeal line is regular and bears the same relation to the 
cartilage mass, the individual cells, and to the metaphysis 
which it would have had if it had been formed in normal 
relation to an intact system of blood vessels and nerves. 
At the present time this would seem to indicate that the 
calcitication of cartilage and bone depends, in part at 
least, upon the exercise of cellular activity as well as upon 
the composition of the tissue humours and that it may be 
more or less independent of the arrangement of the local 
blood vessels. 

Further studies bearing upon the growth of bone in 
ritro will be reported in a subsequent communication. 
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